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Mroduction 

IT w adnutfed on all widiss that the country in which w© live is a veritable 
loiiiporiuin of drugs containing powerful active principles. Nearly three- 
fourths of the drugs mentiono<l in the British and otlier pharmaeopceias grow 
in a state of naiure here and the others can be easUy grown. The country 
has vast rcsource.s so far as inedicinai plants are concerned, and it abounds in 
many kinds of perfumes and spices which arc known all over the world. India 
{Kissesscs climatic conditions varying from the torrid to the frigid zone. It 
embraces vast tiTuds of tropical plaiiLs, temperate hills and valleys, irrigated 
soil, and moist and dry climates. It has in fact been described as an epitome 
of the cliniatc.s, seasons and ,soil.s of the British Empire. No wonder then that 
the ijlante containing active and me.dicinal principles grow abundantly within 
its bounds. More than 2,000 such plants have been enumerated in the litera- 
ture of the indigenous systems of medicine which are alleged to have medicinal 
properties of some description or other and have been used in indigenous 
medicine in some form or other. The majority of these plants have not yet 
been fuUy investigated. 

Many among them are said to contain powerful and toxic principles. If 
introduced into the body of an animal in relatively small quantities, they will 
act deleteriously and may cause serious impairment of bodily functions or 
even death. They injure the basic life principle, the protoplasm of the cells 
of which the animal body is built up, by virtue of their chemical constituents 
whose nature may be known or unknown. Such a definition of poisonous 
plants would exclude plants which act entirely in a mechanical way, such 
as certain grasses notably Stipa, Aristida and Heteropogon, whose ‘ seeds ’ 
may pierce the skin and produce abscesses or make their way into the salivary 
duets of animala and do serious injtny ; nor would it be desirable to include 
spiniferous plants which do considerable harm to man and animals. On 
the other hand, it will include some foodstuffs or fodder plants which may 

( 1 ) 
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by their insecticidal and insect-repellent properties, while in man and livestock 
they produce toxic effects by gastro-intestinal irritation. Common examples 
are those occurring in eucalyptus, in absinth which produces convulsions by its 
action on the nervous system, the pine family and that produced from mustard 
seed by the action of an enzyme, etc. Cattle do not as a rule feed on the 
plants containing the toxic essential oils. 

(4) The fourth group of toxic substances are known as toxalbumins which 
occur in castor, croton and abrus seeds. These are essentially blood poisons 
and are responsible for frequent losses among livestock. Animals can, how- 
ever, become immune to these bodies if they are given in small and gradually 
increasing doses, but the immunity is of a specific nature, i.e. against that 
particular toxalbumin and not against others. 

(6) Lastly there are groups of substances called resins such as those 
occurring in podophyllum, bitters such as are found in wild members of the 
cucumber family, for example eolocynth, phenolic compounds such as those 
found in many members of the cashew family. Other highly toxic principles 
are andromedotoxin occurring in many members of the rhododendron family, 
toxic oils sucih as croton oil, piorotoxin, a convulsant poison found in Anamirta 
coccnlm (Linn.) W. and A. (poison berry) which is a climbing shrub of the 
Indian forests, and neutral principles, organic acids and their salts, etc. All 
the.so iiavo been responsible for poisoning in man and animals. 


Factors AJ-FBCTiNG toxicity 

'I'he amount of poisonous substances present in plants is dependent upon 
several factors, for example the nature of the soil, the climate, the season, the 
stage of growth of a plant, the nature and intensity of light, cultivation, etc. 
Fresh, green j)lant8 may be poisonous and in a dried condition the toxicity 
may be lost, for example in buttercups and other plants which have volatile 
active principles. Toxicity may be lost by cultivation as in the case of gourds, 
while the toxic principles in cinchona and oleander do not deteriorate through 
cultivation. The stage of growth of a plant is perhaps the most important 
factor in determining its toxicity. 

Susceptibility of animals to plants varies enormously. Rabbits are in- 
sensitive to the atropine group and birds stand large doses of strychnine. 
Young mammals are generally more susceptible than old. The conation of 
the animal, personal i^osyncracy, tolerance and immunity also play a part in 
determining the degree of susceptibility to the poison. 

To endeavour to compass within this paper even a oomprehensive bird’s 
eye view of poisonous plants of India would be impossible. Our object is to 
put before the reader as briefly as possible the importance of this work from 
its economic and toxicological etspects in relation to man and lower animals. 

Toxicological aspects 

I. Cbyptooams (the flowbbless plants) 

The toxicological aspects of the cryptogams are very little known so far 
m India is oonoMnaed aad we will make only brief reference to them. 



4 TMiS iNbiAK JOUiiNAL OF AUKictJl/i'UKAL SCliiNCK 

(a) Baeleria 

the simplest form of plant life and are nutf, with 
nmversahy The majority of them are harmless hut some an. iaiurl. « 
to man and anmals. They produce deleterious effects in two ways : Firstly 
as parasite, when they derive their nourishment from living animals and 

SS '^thin the body, toxins which are harmful .Secondly 

many saprophytic bacteria produce poisonous substances, esiiecialiy such m 
those occTOing in putrid flesh, fish and other decaying organic matter ft. is 
not oim mtention to include them in this paper as, although they imloni; U» Hh- 
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supplies. One of the essentials of the algal growth is light. Their growth may 
therefore, be prevented, or at any rate considerably reduced, by covering up 
the reservoirs and cutting off sunlight. Unfortunately, most of the reservoirs 
for the supply of water to both animals and man in India are generally not 
covered and are often largely contaminated with algal growth. The removal 
of organic matter by keeping the source of water supply in as pure a state as 
possible will no doubt keep down the algal growth but it must be understood 
that nearly all water contains sufficient organic matter for the growth of algse, 
especially the water coming from water-sheds. Growth of alga can also be 
successfully prevented by the addition of copper sulphate in dilutions of one 
in five millions or even higher. This does not render the water deleterious to 
man and animals. 

The problem of toxic alga is important and deserve the attention of 
workers in this field. 

(c) Fungi 

i. Some fungi live on the skin and mucous membranes of man and animals 
and cause various diseases, e.g. ringworm, thrush, etc. 

ii. There are others which attack foodstuffs and among these may be men- 
tioned : (1) Smttts. Many of these are destructive parasites which invade 
plants of vita! economic importance, such as oats, wheat, mfllet and other 
cereals. Some are supposed to he poisonous if taken in large quantities, 
and others are said to produce irritation of the mucous memberane. There 
is difference of opinion with regard to the injurious effects produced by parti- 
cular kinds of smut and hardly any authentic information is available regard- 
ing those occurring in India. The subject deserves careful investigation by 
mycologists. {2) Rusts. Annual recurrence of the outbreaks of rust attacks 
of cereals in India, especially those attacking wheat, is of great economic 
importance to the country. These, especially the uredo stage, produce in- 
flammation of the mucous membrane of the mouth and nose. The dust 
coming from the infested straw when the grain is thrashed is stated to cause 
serious disturbances of the respiratory tract. Very little information is 
available about the Indian strains, (3) Ergot, which grows on rye, is a well 
known example of a fungus which produces highly poisonous substances, but 
there is no evidence of its occurrence in India. (4) The poisonons nature of 
the seeds of darnel {Lolium temtUmhtm Linn.), a grass and annual weed of 
cultivation, specially up-counfry, is believed to he due to a fungus, and eases 
of poisoning due to admixture of the seeds with wheat grains are not infre- 
quently reported in India and abroad. Cases of death among livestock have 
also b^n reported. The animals should not be allowed to feed on the plants 
when seeds are formed, 

(S) Very variable data are available as regards the poisonous effects of 
mouldy foodstuffi in India but there appears to be little doubt that the pre- 
sence of certain species may occsurionaJIy produce harmful effects in man and 
animals. Species of Mucor, Aspergillus, Penidllium and Fusarium, etc. 
deserve special investigafron in this connexion. It appears, however, that 
there is an appreciable difference in the susceptibility of different species of 
animals to ilie effects of mouldy foodstuffs. In general it has been stated 
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that horses, dogs and pigs are more susceptible than ruminants and poul- 
try, 'while in other animals the case may be the re'perse. Very httle infor- 
mation is available about the toxicity of moulds occurring in India and the 
problem requires a thorough invest^ation because of its great economic import- 
ance. In the meantime it would be safer to consider all fungus-infocteri fooci- 
stuffs as deleterious. Acute poisoning with the moulds is rarely met with 
and if they are taken in small quantities there is hardly any dajiger. The 
practice of throwing away mouldy pickles and other edible substaneos is no 
doubt a step in the right direction. 

iii. The third group of the poisonous fungi belong to the mushroom 
class. A number of these are edible and many occunring in India are indis- 
criminately eaten. Cases of fungus poisoning, therefore, are not inftequently 
met with, particularly in the hills. Unfortunately very little information is 
availahle about the poisonous fimgi growing in this country and in spite of 
cases of poisoning, little attention has been paid to the subject. 

Stropharia semighbata (Batsch) Quel, from Khasia hills, Hypholatna 
fasieulare (Huds.) Tr. from Darjeeling and Simla and Lactarins velierem Pr. 
from Sikkim are regarded as poisonous. There is also evidence on reM»rd 
that there exists in Bengal a fungus which closely resembles an edible form 
but which contains amanitine or muscarine, the poisonous principle of the 
foreign Amanita muscaria Pers. Recently two mushrooms were sent to us 
from Kumaon as being poisonous. These were identified as Cdl^a and 
Canfhardlus. There are probably many more poisonous species than have 
really been incriminated as poisons, but on the whole their number may be 
small and indeed if properly cooked only a few are dangerous. If washed 
in water and macerated in vinegar before cooking, and if eaten with plenty 
of bread there is almost no danger in most cases. The safest method, how- 
ever, is to learn to recognize the edible species and never to eat a fungus 
until its identity is certain. 

Some of the foreign poisonous fungi, e.g. Lepiota crisiata Quel., Valvaria 
gloicephala Gill., Amanita muscaria Pers. and Amanita phallmdes Recr. are 
well known. The last-mentioned is responsible for perhaps 90 per cent of the 
deaths caused by fungus poisoning in Europe, Great Britain, and U. S. A. 
During the world war, when food scarcity became acute in Germany and 
Austria, poisoning from fungi appreciably increased. According to Ford there* 
are_ four main types of mushroom intoxication : (1) Gastro-intestinai in 
which the attack ceases when the stomach is emptied. (2) General catharsiH 
which is pairdee®. (3) Violent vomiting and pain but no involvement out- 
side the gastro-intestinai tract. (4) Choleriform type producing widespread 
d^eneration of cells. 



Very fittle is known abotit thrae symbiotic organisms which consist of 
' en^lo]^ by the myoeKum of the fringus foming a felted mass. 

to'hd r^tedfed'^as a- serious menace to livwtock, 
i^d species, etc. are mentioned 


POIHONOOS PLANTS OP INDIA 


7 


t!u“ niiinial lic.s down and is unable to raove either its front 
IJfdc or no iid'orniation is available about lichens in India 
Hyslcniatic botany has not been sufficiently worked out. 


or hind limbs, 
and even their 


and 


(e) Bn/ophyta {liverworts and mosses) 

'I'll is is t!u> least-known group of plants from the view-point of 
ue Imve, therefore, nothing to say about it. 


poisoning 


{!) Pterklojihyta {vascular cryptogams) 

'I'liis group includes ferns and allied plants, and unfortunately Httle or 
no work iia.s been done in India with regard to their toxicity. Greshoff and 
oi lu'rs have* reported the presence of hydrocyanic acid in a number of ferns 
especially when young. Hefei-encas to the supposed poisonous properties of 
t he braeken (/Vrm aquUma) have appeared in the literature for a long time 
and Sfocknmn in (treat Britain showed that it is poisonous to cattle when 
t-aten in considerable quantities. The plant is found in India. Aspidium 
jilkr-mas, llic> male fern, is susirected of being poisonous. The roots are used 
in nic*fiiei!H! and large quantities of it produce haemorrhagic gastro-onteritis 
tremors, weakness, stupor, coma, acute nephritis, and cystitis. Six drachms 
of tlie oleoresin have {>rovecl fatal in man and three ounces in the cow. This 
fern is not found in India, biit since there are several other foreign species of 
Aspidium which are also susirected of being poisonous it may be worthwhile 
to examine Indian representatives of these plants. Some foreign species of 
(hmiinda, IhimUht and Adiantim are also suspected of being poisonous, but 
nothing is known of Indian representatives of these ferns. 

Solin’! of the foreign species of Equisetum (horsetail) have long been re- 
eognized in foreipi countries as injurious to cattle and horses. They produce 
an intoxication in which the animals stagger about and wander aimlessly. 
There is no information available in India with regard to the Indian horsetailj 
Equistimn arveme, but several European and American workers are convinced” 
that it is definitely ixiisonous to horses, while others hold a contrary opinion. 
This plant grows commonly in certain places in India where it might be a 
menace to livestock. 


n. Phaneeogams {thb hajweedtq plants) 


After having pven a very brief survey regarding the toxicok^cal aspects 
of the Oyptogamic flora we will now take up the Phanerogams. Economi- 
cally this is the most important gro’up both for man and animals from the 
point of view of everyday necessities of life, e.g., food, medicine®, etc. It is 
probably on account of tills that more information is available with regard 
to this group. 

From a toxicological point of view the Phanerogams may be divided 
into two main groups. 


*. PUmk poiwmus to man and livestock 

{a) Poisotum to man . — Primitive man in his quest for food must have 
come across plants oontaiping poisonous principles by accident and by ex- 
periepce mdst wh We learned to ayoi^ them, Ho eren made use of them 
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for the purpose of fighting against his enemies and for procuring his fowl by 
voiing animals with them. Many of the forest trihosmen of India, num- 
bering 18 millions, use these poisonous plants to fight their enemies and 
to kill game. Among the civilized, poisoning by accident, ignorance or 
intention is met with even at the present time. On the whole, ««tr know- 
ledge is fairly well advanced so far as the relationship of poisonous plants 
to mankind is concerned. 

Some poisonous plants have been used for criminal purposes, but tlie 
majority ofthem are used as medicinal agents for the amelioration of human 
suffer ng. It is well known that many plants, that are harmful to lift' in largo 
quantities, produce remarkably benefi(iial effects in small regulated doses. 
There is no doubt that in a country like India with a luxuriant flora, erases 
of poisoning with unknown plants do occur, but these are not common. Fnun 
the economic point of view, the abundance of this group of plants in our 
midst is of very great importance inasmuch as it provides us with medicinal 
agents of every description, not only sufficient for our own use but also for 
purposes of export. 

(b) Poisonous to livestock.— The second important aspect of these plants 
is in connexion with poisoning of live.stock and here, as compared with other 
countries, our knowledge is very meagre. In India, there are hundreds of 
plants that are intimately connected with the food supply of nmghly 220 
millions of the bovine population out of a total of about 730 millions in the 
whole world. The fodder supply for this livestock amounts to at least 33 
million maunds daily (excluding the concentrates that are in use). Even 
in its present unsatisfactory conclition, the cattle industry contributes approxi- 
mately 10,000 million rupees to the annual agricultural income of 20,000 
million rupees of this vast country. Unfortunately no figures are available 
of the loss suffered through poisoning with plants in India, but we believe 
these must be enormous. It may be intere.sting hereto give the example of 
two states, Montana and Colorado in the United States of America whicli 


IHI 

, 'r 


may give us some idea of the possible damage. In that area it has bewi 
computed that the loss caused to the livestock industry by plant |»isoning 
is in the neighbourhood of 200 million dollars annually. This is a very large 
figure considering that the size and extent of these states, as compared with 
India, is less than one-sixth, and also considering the fact that the knowledge 
of the poisonous plants there is well advanced and preventive measures are 
in vogue. 

Though the number of plants which have markedly poisonous pro- 
perties is perhaps small oompar^ with the total species inoluder! in the 
Indian floraj there are many which are of common ocourrenoe and which no 
doubt produce serious losses by death or iHness among sheep, cattle and 
other domesMc axw^. The toxic effects produowi may be indicated 
by reduction in the 3deldofinilk, the milk may Wsome unpi^table through 
: elxcxeiton in it of toxic products, or it may even become poisonous (e.g. in the 
c« linx-von^) tod thus become unfit for consumption. The flesh of 
'fTO' poJioWa Ihe exoepMoa of the part whew th# poi»ii ha« 

though 


e viscera, 


h^ve to be discMoW, 


” 'iOi' f 
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It may be stated here that animals do not instinctively select toxic 
plants as forage, that all classes of livestock are not necessarily equally sus- 
ceptible to the same poisonous plants, that not all poisonous plants are 
dangerous from their initial appearance up to maturity and that in some 
cases the animals do acquire a depraved appetite for harmful plants, es- 
IMjcially when the fodder supply is scarce, a (sondition which is of frequent 
oc.curronce in rnatiy parts of India. The losses in many cases may be avoided 
by increasing our knowledge about these plants by a systematic study and 
by working out practical preventive measures. 

Prevention . — ^Tho question arises as to what should be done to prevent 
poisoning by plants. The adage ‘ prevention is better than cure ’ is applicable 
to the problem of plant poisoning with just as much force as in other 
spheres. Often eases are brought to notice when the symptoms have de- 
veIoi)ed and the poison has already circulated in the blood stream and done 
iiTeparable damage to the system. Increased knowledge of the poisonous 
plants is the first stop in this direction and this is sure to have an effect in 
decreasing fatalities among human beings and livestock. Keeping the 
animals away as far as possible from dangerous areas and exercising special 
care during periods of drought are likely to decrease the mortality amongst 
livestock. Eradication of poisonous plants is a difficult matter, involving 
an enormous amount of labour and capital, but wherever and whenever 
possible it should be resorted to. This depends upon the habits of the parti- 
cular plant. Such plants may be annual, biennial or perennial herbs, or 
shrubs or trees. Annuals complete thefr life-cycle within one year ; these 
should bo pulled out or dug out before seeding. Biennials require two years 
to complete their life-cycle, growing one year, and flowering and fruiting 
in the second ; these may be dealt with as the annuals. Perennial herbs 
last several years, not perishing normally after once flowering and fruiting ; 
the above-ground portion dies each year, the root persisting. These are 
propagated both by the seeds and by the underground organs, such as tubers, 
rootstocks, bulbs, etc. and may be dug out if not deep’y rooted. Shrubs 
are woody perennials and should be cut down or dug out. Cutting down 
of lower branfdies of trees within the reach of animals or children is advocated. 

The indiscriminate importation of ornamental plants has recently in- 
creased the number of poisonous plants in India. Some of these do not 
find much competition in their adopted home and are spreading or are likely 
to spread in this country at an enormously rapid pace. The time perhaps is 
not yet ripe to agitate for a law prohibiting the importation of poisonous 
plants for gardens or to take measures to forbid the cultivation of those 
already introduced, but sooner or later it may have to be considered. In the 
meantime an appeal may be made to the good sense of the people to limit 
such practices as &r as possible. The cuttings should not be disposed of in 
such a way as to be accessible to livestock. 

The foodstuff dealers should make sure that adulteration is not pr»c- 
tised either with poisonous plants or with plants whose properties are dou bt- 
ful. Recent work in connexion with the causation of epidemic dropsy at 
the School of Tropical Medicine, has shown that m some epidemics mustard 
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oil adulterated with Jcatakar oil from the seeds of Anjenmm imMmtui Liim., 
the mexican poppy or slialhtM, was the cause of the <)utbreuk. hx!K'ntiH>u!al 
work on human Tolunteers showed that food cooked in oil wmtnitnnj' known 
quantities of argemone oil produced symptoms of gastro-jntestirml imiatinn, 
wdema and cardiac involvement closely resembling tin^se found n. i-pnicnno. 
dropsy The active principle present in this oil has a cianulattvo^ eifeot. 
and provided a sufficient quantity of the oil is consumed, symptoms appoar 
even though the consumption of the argemone oil or menmmaied miislani 
oil is stopped. Ikom the evidence available it is clear that tlu*. adullcrution 
of mustard oil with argemone oil may or may not be intent ioua! on l iic piu t 
of those who grow mustard seeds or those who express or stdl the. mi. Thf 
plant XlfQfCiaowe mcxicoMi grows abundantly and its seeds bear ii .''upcilicLil 
resemblance to the mustard seeds. 


Food poisoms.— In connexion with this group, the qumtion of food {H>i.son.s 
is of special significance and it will not be out of pla(® to cite a few insf Hncc.s. 

1. Khesari dal, Lathyrus sativus Linn., an important arti<ie of diet in 
vnfl.Ti and animals, has been responsible for a large number of cases of poi.smiinjj: 
under certain conditions in man, cattle, sheep, pip, horses, |>ig(Mms. dm-k.s. 
etc. Examples of lathyrism in man in the form of spastic paraly.sis arc com- 
monly seen every day in the streets of Calcutta and it.s to.xic effects in hot>es 
and cattle are well known. Moderate amounts of this pulse can bo taken it It 
impunity. It is only if large amounts are taken, especially to the exclusion 
of other fodders or foods, that the untoward symptoms develop. 

2. Grasses (Graniineae) form an important part of the food of iiijimal.H- 
Some of these develop dangerously large quantities of hydroeyanii* aeiti 
under certain climatic and soil conditions, especially at timcj^ of drouglif or 
when the plants are wilting, stunted or young. UnfortunaLdy our know 
ledge of Indian grasses in this connexion is meagre and it is not possible 
to estimate the losses in livestock from this source. From some (d' tla^ recent 
work done it would appear that quite a number of these grasse.s may be 
dangerous under conditions that still need to be invc.stigaled in iiulia, The 
examples are jowar {Sorghum md/jare Pers.), the Indian milled, which is 
largely cultivated in this country as fodder for cattle and also for Iniman 
food. It has caused serious outbrettks of poisoning junoiig liv<‘s!nck when 
wilted or stunted under drought condifons. Sorghum hnh.jun-sr Pers.. .i lall 
perennial grass with creeping rhizomes and numerous sm-kers, knoun as 
Johnson grass, grows aU over India under the name of haru in Hindi and 
hala-mucJM in Bengali. It has been responsible for serious loases umonu 
livestock during recent years in the N.-W. S'. Province whero it is known as 
dadam. It has been stated that the amount of hydroffyanic acid in thtwe 
p’ants decreases with the age of the plant but never entiredy disappears, 'i'iie 
points to be remembered about these grasses are that they are dangcnnis 
during wilting and under conditions of drought, that younger and mortj 
succulent ones are often more likely to contain lethal doses of iiy«lrueytuii«* 
add and, that, if weU dried, these plants are generally not dangerous. * The 
toxicity in the case of oyanogenetio compounds depends on the f|uui!titit» 
of hydrocyanic acid liberated, and aooording to the amount and kikhkI at 
which they are eaten. Ofilimi such laj^ quantities are given that the aninial 
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will (H(! bcloro any votorinary aid can be given. The only remedy is pre- 
vention. 'i'he [iroblem of poisonous grasses is of great econoniio importance 
in i't'idain parts of India where rains often fail and drought conditions prevail. 
In the I'cctmt i'amino in the Hissar district of the Punjab there is little doubt 
tiiat in addition to ravages caused by scarcity of food, the livestock must 
have HU tiered enormously from this source. 

(li) 'I’lus linsecKi plant, Linum usitatissimum Linn., contains a cyano- 
geneti<! glueosidc, the maximum amount of which, is reached very early in the 
development of the plant and finally disappears, except in the seed, which 
stiil contains small quantities. An oil is expressed from the seeds and the 
remaining <fake.H are used to feed livestock. Gases of poisoning have been 
i’r<^<iuently rc^fKirted amongst animals feeding on this plant. It is unsafe to 
fe(«i tlie <m the immature plant, especially when it is wilted. The cake 

after extraction of the oil should be treated with boiling water to destroy 
the enzyiiH* nssjamsiblo for liberating bydrocyanie acid ftom the glucoside, 
and shonld not be. soaked in cold water overnight. It should be given only 
in smail (juantitics at a time. 

{.■>) d'lut anistai’d cake which is fed to cattle after the extraction of oil 
may produce, chroiiie irritant poisoning, colic, lassitude, etc., if fed in large 
amiamtH and tjver prolonged periods, on account of the liberation of an essen- 
tial oil by the action of an enzyme on the glucoside contained therein. The 
da.ngcr wema to he less in the case of sarson seeds than in the case of rai or 
black imiMlard. If boiling water is poured over the crushed cakes the enzymes 
are tlestroyed ami the cakes become safe. 

{(») HiWeral members of tiie cucumber family {Gmurbitaceae) are edible 
bn! (litter varudie.s are. occasionally met with. The latter have a strong 
purgative action and should bo discarded. Incidentally it may be remarked 
that mexst of the wiki mcmljers of the family are toxic. Colocynth which is 
a puweriul intc.stinal irritant is a familiar example. The bitter members of 
tiiis family Iiave more or less a similar action. 

(7) liu; leaf-blades of rliubarb {Rheum sp.) may give rise to nausea, 
violtmt vomiting, purging and abortion on account of having a high pereent- 
ag«! of <».xa!ic aci<l or oxalates in them, while no such cases have been reported 
finm eating the leaf-stalk. The fresh leaves of beet-root (BeM sp.) have also 
produced poisoning in livestocjk on account of the presence of oxalates. 

(H) 'rhe potato, Solanum iuberosum Linn., when sprouting, produces 
dangerously large quantities of the toxic alkaloid, solanine, and must be 

thrown away. , Ti>r i ^ 

(f») Gcrtain plants, such as buck-wheat {Fagopymm esculmtum Moench) 

whi<!h is largely cultivated for human and animal consumption, under certain 
conditions not yet fully understood, become toxic and give rise to inflamma- 
tory swellings of the face, eyelids and ears. 

it. Plants poisormts to insects and fishes 

(a) Insecticidal and insect repeUerd plants.— The second group of these 
plants are those which are poisonous to insects and pests which do incal- 
culable harm to man in many ways./ The finding ol cheap insecticides for 
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the diverse needs of agriculture, destruction of household |»est«, prevent ion of 
vectors of such diseases as malaria and many others borne by inwets is a vmy 
important problem and one to which a good deal of attention has h«*ii paid 
in recent years. It would be no great exaggeration to «iy thid ioKi-oiM 
have been responsible for more loss of life and dcslrtmtitm of projwrty 
than that caused by wars, floods, earthquakes, fires and famines in t he fiistory 
of man. Advance in civilization is producing conditions suitahlo for insect 
multiplication in many places, in spite of all eflPorts to the contrary. On a 
moderate computation the annual loss caused to India through insect |K>stH 
has been put at 2,000 millions of rujwes and over a niUliou ami a half of huiniui 
lives. An effective defence against these enemies of social and eainutnii^ 
progress will materially reduce this enormous wasta^ and facilitate national 
development. One of the neeessito for comhatnig this menaf« is Ut fimi 
cheap and effective insecticides, commensurate with the means of the great 
masses in India whose economic condition is very low. At the present time 
our knowledge of plants bearing insecticidal properties in this <!Ountry is 
very meagre indeed. A thorough enquiry into this aspect »>f poiwtnous plants 
is, therefore, of prime importance to the country. For several itviwnw vege- 
table insecticides are preferable to the mineral ones, such as arMuiicals, 
copper compounds, mineral oils, etc. Those from vegctahle s<nirceH arc 
undoubtedly less deleterious to human beings and other warm-bhsshHl 
animals generally and they are also less harmful from the {Ktint of view of 
agriculture. Most of the mineral insecticides at the present tinware im- 
ported from foreign wuntries and are therefore cxptmsivo. Ho far ^ as 
the insecticides from the plant kingdom are coiK’erned, so Utile is kmrn n 
in this country that we have to depend on those growing in other countries. 
The larger the number of effective insecticides wo tliscover from among 
our poisonous plants the greater will bo the chancm of their tanng brought 
into extensive use by the people for medical, veterinary, agricultural ami 
household purposes. 

Of the vegetable insecticides of proved value may Iw mentioiwd l.'Ari/- 
santhemum {pyrethrum), Denis (tuba-root), Niadittm (tobacco). Tt-iibrimifi, 
Picrasrm (quassia), Delphinium (larkspur), Veralrtm, etc. Attcinp-i arc ntiw 
being made to cultivate pyrethrmi in India on account of its effectiveness in 
destroying insects and mosquito larvae. Derris ellijAka Benth. is Ibum! 
to a very limited extent in India, but several allied apecies found here are 
worth investigating. Of these Derris ferruginea Benth. has lascn reccjitly 
shown to contain rotenone and may prove to be a gmxl inseeticido. Toluoa^ 
is largely cultivated in India. Tephrosia vogeUi Hook. /. has l>«m shown in 
foreign conntriw to be an efficient insecticide for fleas, lirei and ticks «mmI it 
has been suggested that it may be used as a cheap oomraeroial dip for mttle. 
Some of the other species of Tephrosia are also stated to have itweclicidal 
preppies, but several of the Indian speews although met with in abuiidaiK» 
reimm uninvestigat^. Indian species of Pimmm also need inveatigation 
informed that powdered young leave® and twigs of P, 

! : ; « used to kiH moequito krvae in Assam. Jtevenil Indian 

, : of already us^ for destroying mag»>ts in wounds 

^ hm beenstated that the 

■ alkaloid qjdifflbe.w Peiaiaii and Austraiwii 
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inai'ct. {Mwiier. Thin iilkalokl, which resembles nicotine in its action has been 
foiitiil in at least six gonera of whi(ih Emhmlu and linpfmm are represented 


in India. " 

Hiufkelt, RuhmijU and others (Bulletin of the Health Organisation, League 
of Nat iosw, Hl3H) <iimsiwa the naturalistic methods in practice for the control 
td’ nioH<jtuf<j krvjws and refer to the role of the plant kingdom for this pur- 
jKiW!. it is stated that pollution by vegetable matter in the form of industrial 
waHt<w h)w often been tried with sucoess as an anti-malarial measure. In a 
ijaw, rep<irted from the Philippines bagasse from sugan^ane mills seemed to be 
kwping a st ream fixM) from fimrontria ; the refuse from the Government Sisal 
KxjMniinent Stati<tn is alleged to have a similar action, while the numerous 
large pits uf««i for maturating mnepa hemp in Italy do not breed anophelines. 
Ktagnanf. {hjoIh, such as engineoring borrow-pits into which green cut vege- 
tation lias lM!e!» thrown, are stated to breed culicinoH only, anophelines being 
inhitnted. I'he ltdhal elfetst of a fortnight-old brew of cut grass is said 
to Iw remarkable. The oxtention of this method in thn frirm nf ^ liA'phsi.o-A- 


iniHlnt.efL Ilia iethiil etfeat of a fortnight-old brew of cut grass is said 

to Im remarkable. The oxtention of this method in the form of ‘ herbage- 
packing ’ shallow, small-volume, running channels has been advocated by 
Williamstm and flit^ prestmt autiairs. They think that the effect of this is not 
imadianical hut hi^tlogical, and (xmsider that the use of green cut vegetation 
is very im{M»rtant. ft»r dry straw will only result in a hay infusion favourable 
to larval growth. It is not every plant, however, that is suitable in the ease 
of running water. According to these authora, ‘ The best so far found in 
India are VtHaluntkm sjwiies and Holorrhena aniidpsenienca (sic). The first 
of thc«t‘ are fish poisons ; the latter contains several alkaloids.’ 

We are i^onfulent, however, that many more planfe, mentioned in the 
synojwis at the end of this article would be found equally good or even better 
for this puriKMw, hut the pisoicidal plante in connexion with this must be 
cmphtytKl with caution, since it is inadvisable to use them if the water con- 
tains fishes, or drains into tanks or reservoirs containing them. 

There are also a number of plants which are utilized as insect repellents, 
e.g. rtsjta of eostus, Sausmrea hppa C, B. Clarke, essential oil from Bucalyptm 
fjlolruhm lAibill, leavM of neem, Azosdirtmhta indica Juss., and of patchouli, 
Pognstetnim heifneanm Benth., etc. The investigation of vegetable insecti- 
cides and insect repellente from among the vast potential resources existing 
in this country wiU re|>ay scrutiny. 

(h) Phnis pmmtuma to fish, — ^That there are many plante in the Indian 
flora which have deleterious effect on fish is well known. Wholesale poison- 
ing of flish in ponds, streams and pools by means of these plante is very un- 
economical and is not allowed in any civilized country, but oases are known 
where such plante have come into contact with water and enormous nmnbers 
of fish have died as a result. This aspect of these plante, though not perhaps 
so important as the other, cannot be entirely left out of consideration in the 
study of poisonous plante. The list of plants growing in India having a 
poisonous action on fish is very tong and a lajge number of them have been 
referred to in the book, InMg&mm Drugs of Mia ; lately considerable addi- 
tions have bcCTi mad© which may be of interest to those wanting further 
information. This group is of importance, as some of the insecticides ar© 




THE INDIAN JOURNAL OF AGRICULTlIllAL S{;!KM;K 

also piscioides and mce and a systematic invcstigatbn of lliis gnnip 
may lead to the discovery of effective inaecticides, which is the crying n<a*d 
of this country at the present time. 

We have briefly referred to the toxicological asfwctK r»f pInnt.H growing 
in India in a very general way. A good deal of work has hwui don«s in con- 
nexion with poisonous plants in Europe, America, Houtli Atrica and <tthcr 
countries, yet little or no systematic work has so far b(*en athmipicd in India. 
The senior author was deeply imi)ressed with this regrettahle state (»!' atfairs 
when he took up work on Indian indigenous drugs nearly twenty yoirs ago. 
Unfortunately it was not pos.sible to start even a general sHrv('y of tliis grou[( 
tin a few years ago when the Imperial (louncil of Agricult ural li<«‘art h gave .1 
grant and added a botanical section to the alrejuly-exisling unit (Huiiposcd of 
chemists and pharmacologists paid by funds generously given by the Indian 
Research Eund Association twelve years ago. With this team of enlJiusiastie 
workers a beginning was made. To start with, three thousand circulars were 
sent out to the forest, veterinary, medical and figrieulture (kijfurt»i<>ntH of 
different provinces, to universities and to individual workers all over India. 
Different parts of the country were visited and first-hand information from all 
local sources by extensive investigations carried out in the field vva.s obtained. 
All the existing herbaria were scrutinized, the informatitm thus collecteii was 
analysed and a monograph on the subject of Poisonous Plants of liwlia is now 
in the course of preparation. A list of nearly 7(K) plants reputed to be poiwui- 
ous to man, livestock, insects, fish, etc., has betui prepartsl which is by fur 
the largest so far collected in this country. In the i-ase *>f many {ilants, 
poisonous properties are suspected hut have not been subslantiated by chemical 
analysis and pharmacological experimentation. This is nf>w being tiune 
so far as is possible with the resources at our disposal and preliminary eheniieal 
examinations of many important plants are being made, A thorough and 
comprehensive study of all these plants is the work of many yf'nrs, jau hapH 
of several generations. In the present work we are getting fogcUiier all 
available information, botanical, chemical and pharmacologicai. in coimexiun 
with poisonous plants growing in India together with all refeivnces in tiie 
literature. The monograph, when completed, will serve u.s a iursis (br futnn^ 
work on these plants, the importance of which from an eeonomit- point, of 
view cannot be overrated. 

A conspectus of poisonous Phanerogams (including food jansons) grow- 
ing in India, either in a state of nature or under cultivation, is ap|«'iHiwl, 
This will give some idea as to the ground covered in {)ur recent invest igat ions 
and the scope of the monograph, which will be profusely illust rated. I’he 
plants have been dealt with according to Bentham and Htaiker’s sy.Ht<*m <»f 
classification and the important active principles occun’ing in ea«di family 
have been given and the main effects produced have been briefly diHcussed. 
Special attention has been paid to the nomenclature of plante and adhereneo 
to the International Rules has caused, unfortunately, several departures 
from the naan® used in The Flora of British India. A large nuinter of planta, 
aa d®CTibed in monumental work, are differently understood or are 
differently named dr spelt by modem botanists. Some of thase changw have 
now become well known in Indi^f In this brief artiole, we have not atteiupted 
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to point out all departures from TJi^ Flora of British India, but have only 
indicated some of tho less-established changes in this direction -which were 
considered necessary. 

We take the opportunity of expressing our gratitude to the Imperial 
Council of Agricultural Research for the generous grant to this inquiry and 
to all our colleagues of the indigenous drugs inquiry and of the Calcutta 
Sc.hool of Tropical Medicine, the forest, agricultural, veterinary and medical 
departments of various provinces and Indian states, the Superintendent, 
Royal Botanic Gardens, Sibpur, the Botanical Survey of India, the chemical 
examiners, universities, and other individuals who have helped us in this 
important work, both in the field and in the laboratories and herbaria. 
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Cimicifuga fmtidaJAxm. Heart depressant; insect repellent 

Oleniaiw gourmna Roxb., O. gmvm^ Blistering^ properties altered by dryi^ 
lem Lindb, €?, napatdenm^ DO., 

0* tmmMw Uan,, 0. 

Heyne* 0, wightmm Wall. 
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it^r^sis gynandm (Lirm.) Iiasecticide^ piscieM©, vesicant 
err. {G, peMa^yUa DC,), 



resin, ephedrine, pseudo- 
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8tiptilacG(i^o'K}o* iPish." poison 

11. Derris eUiptica Benth., JD. scandens Fish poison, D. elliptica is inseofeicidal 
Benth., D, ul^hiosa Benth., 

(Poasibly i), /erm^mea Benth.) 
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’ 20* Pongamui pinnata (Lmn.) Merr* Pkoicid© wd insecticide 
{^P, glabra YmM*) 

21. S&ph^a mrnm B. Qmh„ and Var. See^ of S* nmUm hiBmtmidal , leavm 
5 h^mpMm Baker, S, tmmnt^m of 6% tmmmtaam powertiilir ©matio 

I Um. and cathartic in largo doses 
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Hydrocoiyle janmim Thunb, ' ??tated to lie a fiBh poison 
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I^ofiioea reptans (Linn.) Poir. (==/, Strongly purgative ; irritant poisons in 
Forsk.), J. m7Ilotli { ==:/. overdoses 
i^edemcea Jacq.)> J. Heyne. 

!. Operow^^na (Linn.) Manso Bqq Ipomoea 

(—Ipomoeaturpethum 'Bi, Br.) 
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Saponins, bitter substance Gnefum sca^ndena Uoxb. Pish poison 
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SAMPLING OP SUGARCANE POE CHBMtCAL ANALYSIS 


B. R VAGHOLKAR, L.Aa. 

Principal Agricultural Officer, Sugarcane Besearch Scheme for Deccan 

Padegaon, 

N. B. PATWARDHAN, B.Aa. 

Agricultural Overseer 

■ AND : 

S. SUBRAMONIA IYER, M.A. 

Statistical Assistant, Imperial GouncU of Agricultural Research, New 1 
(Rocoivod for publication on 14 September 1939) 

(With one texfc-figure) 

Intbodfction 
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Material 

A block of land planted with the variety Co 360 was choBen for tlsc study 
of sampling for chemical analysis. The cane was planted in lebniary 19J4. 
The total area of the block was 128 cents*, and consisted of 32 plots, each 
measuring 4 cents (54* 44ft. X 32ft.). From, these 32 plots, four plots wer<^, 
chosen at random for this work, as shown in the accompanying plan. 

Plan showing the location of plots %n the block and random sjwts Jurm 
where samples were collected 
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Figures in thick type show the spots in half-portions in a 8ub-ph)fc (Into a 

plot is divided) from where samples have been taken. 

Duration of work.~The sampling work was carried on for a period of six 
days — from the 7th to 12th February 1936. The jfirst four days were devoted 
to clump sampling and the remaining two days for ‘ twodmt * strip minpling. 
During the course of the work, extraction tests, as also juice and cane 
analysis were conducted from day to day, and data with regard to these are 
presented in Tables I and II 

*1 cent® 1/100 acre 
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Table I 

Extraction of juice (varieki do 


Remarks 


Extraction tests 
taken on Chat- 
tanuga No. 45 
power mill 


, : .BatO' 

We%bt of 
cane in lb. 

Weight of 
juice in lb. 

Percentage 

of 

extraction 

S February 1935 

2,000 

1,296 

64*8 

8 February 1935 

2,000 

1,306 

65-2 

9 February 1935 

2,000 

1,306 

65*3 

9 February 1935 

2,000 

1,304 

65*2 

11 February 1935 

1,843 

1,198 

65-0 

11 February 1935 

768 

490 

64*6 

12 February 1935 

1,129 

763 

67*6 

12 F ebruary 1 93 5 I 

1,413 

963 

67*4 



Analysis of juice and cane 


iTuice analysis 


Cane analysis 


Fibre 

per 

cent 


Serial 

No. 

Date 

Brix 

Suc- 

rose 

aiu- 

cose 

; 

1 

8 February 1936 

19*66 

173-6 

0*50 ^ 

2 

8 February 1935 

21 *16 

19-63 

0-33 

a 

9 February 1935 

21-19 

20*45 

0-18 

4 

9 February 1935 

21-67 

20*05 

0-28 

5 

11 February 1935 

22-97 

21-33 

0-32 

6 

11 February 1935 

19-82 

17-92 

0-68 

7 

12 February 1935 

21 -43 

19-68 

0-49 

8 

1 

12 February 1935 

22 -I? 

20-34 

0-34 
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The DOwer-driven mill used in these tests was Chattanuga No. 45. Simi- 
larly^for Obtaining juice for analysis of clumps and two-feet stops, the same 

mill was used. 

Sa?ATISTICAL EXAMUrATIOK OE THE DATA 

Thick figures in the plan indicate the locations or squares from which 
clumps were taken ; each square was llj ft. in length, and squares wm^ taken 
afrandom to make up in all 45 cluinps from each plot. The number of squares 
so taken varied from nine to twelve in the four plots taken. _ _ 

Two-feet strip samples were similarly taken from the squares adjoining 
the ones from which clumps were taken. The number of two-feet strips taken 
SLrchVare was fpu?to make up 36 strips per pb^^^ - ^ 

The data thus consist of 45 clump samples from each of four plots and 36 
two-feet strip samples also from each of the same four plots, providing com- 
parison between the two methods of sampling. 

For clump sampling, number of canes per clump, average weight per cane, 
brix and sucrose percentages are calculated and given in the appendix. For 
two-feet strip samples, similar data were calculated except sucro.se percentages. 

Number of c4nes per clump varied between two and eight in two plots, 
between two and W in the third plot and between two and nine in the fourth 
plot. The analyses of variance of the number of canes per clump and average 
weight per cane are given in Table III. 




Table 111(a) 

Number of cams per dump 


Dtiie to 

Degrees of 
freedom 

, Sum of 

1 square? 

1 M'lWi 

1 sc|«ar© 

Between plots 

' ! 


6-7778 

Between plumps and within plots 

176 

r)i2*22 

2-91113 

Total (between clumps) 

179 

632-55 





Amrage weight per cam per clump 



Between plots | 

3 

10-7464 

r 

Between plumps and within plots i 

176 

109-4061 


Total (between cl^ps) 

179 

120-1626 


S-582I 











Average weight per cane 



Between plots 

Between strips and within plots 
Total (between strips) 


Table IV {a) 
Analysis of covariance (clum 


Mean 


products products 


Within plots 


Total 


50 


[X 



TP " 1 . 1 . . -u- ‘ '' ^ in... l yj -g g 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 

Table IV (6) 

Analysis of covariance {strip sampling) __ 


Due to 

'Degrees ; 
of 

freedom 

■ Sum 
' "Of 

products 

Mean sum 
of ■ 
products 

Plots 

' s , : 

-6-3856 

-1-7962 

Within plots 

140 

-60-7861 

-0-4342 

Total 

143 

66-1717 

... 


The correlation coefacient after elimination of plot-variance works out to 
be — 0'2215 (P<0 05) in clump sampling and —0*3188 (P-<0*06) in strip 
sampling. This shows that there is a significant negative correlation, _ though 
not very high, between the number of canes per clump and average weight per 
cane. 

Belation between weight and, sucrose percentage {clump sampling) 

Mg. 1 shows the relationship between total weight of cane and sucrose 
percentage. There seems to be no correlation between these two factors and 
this agrees with the conclusions obtained by Davies [1930] working at 
Trinidswi. 

The analysis of variance for the data of sucrose percentage (in clump 
sampling) is as below:— 


Table V 

Analysis of variance {sucrose percentage in clump sampling) 



1 Degrees 

Sum 

Mean 

Due to 

of 

of 

freedom 

uqmrm j 

i 

sc|iiare 
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(6) Two-feet strip sampling 


Thie arithmetic mean, standard deviation and coefficient of variation are 
shown below 

(a) Clump sampling (6) Two-feet strip) sampling 

Mean 22-02 Mean 22-2« 

Standard deviation 0-83 Standard deviation O-H l 

Coefficient of variation 3-76 Coefficient of variation 3-77 

The standard error of the mean of 45 units for clump sampling is <)'123 
and this gives an idea of the extent to which the mean is likely to vary from the 
mean of the entire field. The plot brix mean percentages per clump for the 
four plots are 22*52, 22*17, 20*87, 22*51. In the case of two-feet strip 
sampling the standard error of the mean of 36 units is 0*140 and the plot 
means are 22'71, 21*53, 22*05, 22*74. These show that we may consider 
that the samples by either method are fairly representative of the" field. 

: Size of the sample far any standard of accuracy 

From a knowledge of the extent of variation from sample to sample it is 
possible to calculate the number of clumps or the number of strips as the case 
may be which should be taken from a plot in order to measure a difference of 
say 6 per cent in brix readings and for any standard of accuracy, say at P = 0 • 06 
or P=0*01. This may be calculated easily or read directly from published 
tables [Vaidyanathan, 1936], Using these tables for P=0*06, we get the 
number of clumps or the number of two-feet strips to be five for the plots 
considered, i.e. of area 0*04 aoice (the eoeffioienta of vnriatiop being about 


Due to 

■ Degrees 
of 

freedom 

Sum . 
of' , 
squaw 

Mean' 
'square ■ 

Between plots 

3 

82- 7136 

27 *6712 

Within plots 

176 

121*7669 

0*6§18 


Total ' 170 

204-4704 



Between plots 

3 

36*5198 i 

1 12*1' 

Within plots ■ 

140 

99*8934 

: ;CI'7 

■ . ' Total 

143 

136*4132 
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of 4 ?iTie? ceS the" numW nf ^ coefficient of variation 

„ i ° ® o/ samples (clumps) required to mea^mrf^ n k 

per cent difference m sucrose percentage at P=0-05 also comes to five 


SmvrMATf.v 



.» of « ctaMp. pi pf„7£.T.hT= 

( aken at ^ndom). The number of samples required by either method to 
measure differences of the order of 5 per cent for P=0-05 in brix or Serose 
percentage have been found to be fiv^ ® 

The extent of variation and correlation between average weight of cane 
cireSt beWn ® per sainpling umt by both the methods, and also the 

m tte oaoe of damp 
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Appendix 1 


Clump sampling 


Siijaaple 

No. 


No. of 
canes per 
clump 


Average 
weight 
per cane 




>] 
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-P. No. 18 


.55 



1 

■2 
. 3 

4 

5 

6 

7 

8 

' 9 

10 

11 

12 

13 

14 

15 
16' 
17' 
18 
10 
20 
21 
22 

23 

24 

25 
20 

27 

28 
20 

30 

31 

32 

33 

34 

35 
3(> 

37 

3H 

3!l 

4il 

41 . 

■12 

43 

44 

45 


5 

5 

5 

6 
7 
7 
5 

4 
6. 
3 
2 

7 

5 
5 
3 
2 
3 

3 

4 

8 
2 

3 

4 

3 

4 
8 

5 
2 
5 
7' 

5 

0 

4 
8 
3 
7 

3 ' 

5 

4 

3 

4 
4 
*> 


2- 32 
4 00 

3- 00 

4- 75 
4-50 

3- 35 

4- 10 
3*31 

3- 96 

4- 58 
2*62 
3*50 
4*95 
3 ‘65 
4-66 

2- 50 
2*58 

3- 00 

3- 62 

2- 75 

4- 25 
2*42 
4 • 56 
4- 16 

3- 12 
2-44 
2*55 
3*25 
4 '00 
4 • 86 
3 ‘00 
2'54- 

: 2-87 
2*87 
4*08 
3*43 
3 02 
■5*45 

4- 10 
3*75 
3*04 
3*oe 
3*00 
3*31 
5*00 


22*43 
22*43 
21*78 
21*40 
22*35 
21*29 
22*63 
22*96 
22*30 
22*76 
22*58 
20 • 69 
20*60 
22*63 
22*09 
23*09 
21*76 
21*89 
21*96 
21*96 
23*26 
21*89 
22*30 
22*63 
22 • 76 
21*9J 

22*13 
21*47 
. 20 • 75 
21*67 
22*40 
21 -69 
22*08 
22*75 
23*07 
22*80 
22-32 
20*73 
21*60 
20*00 
59 
73 
22*70 
23*Oij 
22-00 


22 

2‘‘> 


19*86 

20*34 

19*87 

19*59 

20*46 

19*56 

20*95 

21*21 

20*61 

20*74 

20*84 

18-92 

18- 65 
20*45 
20*27 
21*24 
19*98 
19*60 
19*94 

20- 07 

21- 17 
20 • 20 
20-34 
20-74 
20-98 

20- 30 
20*17 
19*77 
39*42 

19- 70 

21- 33 
19*82 
21*04 ^ 
20*90 
20*82 ■ 
20*90 
20 • 84* 
18*93 
19*74 
18*85 
20 ‘73 
20*96 
20*r,4 
21 • 

21 -20 
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P.No.17 


No. of 

Average 



caaes per 

weight 

J3rix 

ill 

clump 

per cane 



8 

2*89 

21*58 

19-59 

3 

2*66 

22-53 

20*61 

3 

3*16 

21*70 

111*72 

5 

4*00 

22*13 

2i0 30 

5 

3*10 

20*38 

iK-50 

4 

4*25 ■ 

20*73 

18*53 

■■ 5 

2-30 

20-33 

18*10 

1 

2-93 

20*16 

|H‘05 

8 

■■ 2*12 ' ' 

18*20 

15*53 

7 

4*57 

20*65 

IH-5H 

3 

4*00 

21-62 

19-56 

5 

4*30 

22*60 

20-79 

5 . 

3*00 

21*43 , 

19-67 

■ 4 

3*62 

22*10 , 

2*0 37 

6 

2-00 

20*83 : 

iH-61 

■ '.4 ■ ■■■ 

■ 2*44 

21*56 ■' 


■^■■'5 -V. 

2*30 

19*76 , ' : 

17-29 

6 

2.83 : 

" 19*10 

IIMiO 

■ 4 : 

3*50 i 

20-H9 

IH-HI 

8 

3*19 

19-94 

17*51 

4 

3*i9 1 

20*62 

IK-2H 

3 

3*92 1 

22*06 

20*25 

4 

2*25 i 

22*09 

1 9- h5 

4 

2*81 

1H*6k 

16-55 

6 

3*04 1 

20 • 32 

IH- 11 

5 

2*25 1 

iS*6l 

I5'H7 

5 

3*50 

20-91 

IH-lOi 

8 

2*94 ! 

19*66 

i7-:i2 

0 

3*16 1 

20*96 

IH-2H 

8 

2*62 ; 

21-59 

19*42 

4 

■ ■ "4*25 ■ I 

21-57 

19-53 

■ . 4 ■ ■■■ 

3*12 ; 

21-73 

I!MI3 

7 

■ /. 2*75 : : 

20-15 

i7-9.H 

6 

'2*50 1 

18-30 

15-76 
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Sample 

'..■■■■Mo.- 


- No. of 
canes per 
clump 


P.No.21 


Average 
weight 
per cane 


Sucrose 


23-06 

22 - 70 

23 - 64 
22-60 

22 - 56 

23 - 10 

21 - 91 

22 - 38 
22-96 
22-34 
22-56 
22-34 
22-87 
22-63 

21 - 36 

22 - 24 
22-97 
22-81 
22-89 
22-66 

20-49 
22-12 
22-89 

22 - 70 

23 - 07 
22-69 
22-66 
22-62 
22-96 
22-66 

22 - 71 

23 - 04 
22-76 

21 - 32 
21-68 

22 - 43 
20-76 
22-10 
22-69 
22-31 
22-93 

22 - 79 

23 - 31 
22-66 
22-66 


21-40 

21-12 

21-91 

20-68 

20-82 

21-04 

19 - 91 

20 - 76 

21 - 06 

21-09 
20.79 
20-39 
20-93 

20 - 63 

19 - 74 

21 - 06 

20 - 96 

20 - 96 

21 - 37 
20-79 

18-44 
20-03 

20 - 45 

21 - 01 
21-39 
20-95 

20 - 74 
20-82 

21 - 36 

20 - 63 
20-61 

21 - 76 
20-93 

19-74 

19 - 69 

20 - 66 
18-93 

20 - 64 

21 - 01 
20-66 
20-82 

20 - 84 

21 - 44 
21-01 
21-06 
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Sample 

.No./ 


No. of 
canes per 
strip 


P.No. 17 


Average 
weight 
per cane 


3-39 
6- 10 
2 •42 

3- 7g 

4- 33 
3-75 
3-19 
2-81 ■ 

2- 96 
2-61 

3- 05 
2-47 
2-68 

5- 00 

2- 53 

2-28 

3- 37 
3-11 
3-00 

2- 58 

3- 55 
2-21 
2-85 

2- 94 

3- 75 
3-37 
3-62 
3-25 

3- 77 

4- 30 
3-25 

2- 45 
2-60 

3- 07 
1-96 

4- 12 



20 - 27 
22-76 
22-23 
22-37 

21- 47 

22- 03 
22-33 
22-61 
21-82 
22-63 
22-69 


21-90 

20- 94 

21- 23 
20-16 

22 - 10 
20-11 
21-93 

23- 29 
21-77 
21-00 
19-60 
19-96 

24- 03 
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of 
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strip 


Average 
weight 
per cane 


Sample 

No. 
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( With nine text-flguros) 

Intkoduction 

A S yet there is no satisfactory method of classifying the red soils which 
occur in different parts of India. They are often designated as la teril e.s or 
lateritic, irrespective of their physico-chemical properties. The pn’sent paper 
aims at classifying some of the typical red soils in India from studies of hasc?- 
exchange properties of the soils including the study of buffer curves and (jf 
total exchangeable bases and the percentage ba.se saturation, 'fhe changes in 
the water-holding capacities and percentages of imbibitional water of the soils 
after saturation with lime at j)H 7 • 1 have also been studied, 

ExPBBIMEiraS AND BBSerDTS 
A. Buffer curves 

(a) Determination of buffer curves. — The determination of lime-require- 
ments of soils at different pH values and the examijiation of the buffer curves 
were carried out by foUowing essentially the metliod devised by H<!horield 
[1933]. The principles of this method are : («) that the solution of an acid 
has maximum buffer action at its half neutralized stage, and {h) that if a soil ise 
shaken with a mixture of lime and an organic acid whose calcium salt is soluble, 
the soil win take up base from the solution or give up ba.se to tlie solutioii de- 
pending on the relative differences in the pH values between the .soil and the 
solution. Hence by shaking a weighed quantity of a soil with a mixlui’c of 
lime and the organic acid, we can bring the acid to the half-neutrulizcal stage. 
If the amount of base-uptake be plotted as abscissa and the (‘ori'csponding 
pH values as the ordinate, the characteristic buffer curve of a soil would be. that 
which passes through the plotted points on the curve. 

The organic acids which were used in these determinations and tludr pH 
values at half neutralized points are as follows : — 

Name of aeide Formula uH at half nmlmliml imml 

Monochlor acetic . . . CHaCl.COOH . . 2-9 

Acetic CHjCOOH ... 4-6 

p-nitrophenbl . . . CaH* (NO,) OH . . 7-1 

Phenol. . . . . Ch! 0H ... fi-K 


STUDIES ON INDIAN BED SOILS, I gg 

\b} Ddermination of pH -The pK values were obtained at soil : water 
ratio of 1 : 2- 6 by Kuhn s barium sulphate method and a Hellise colorimeter 

(c) Determinakon of percentage carbonate comfemfo.—The carbonatA 
tents of soils were determined by Collin’s calcimeter. 

_ . id) Determination f saturation capacity at pH 7 - 0 . -The saturation cana- 
cities at pH 7 -0 were^determmed by the barium-acetate-ammonium-chloride 
method of Parker [1929]. 

(e) Determination of total exchangeaUe bases.— The total exchanc^eable 
bases of the soils were determined by the method of William 119291 The 
observed figures of exchangeable bases were corrected for the' carbonate 
contents of the soils, wherever the soil contained measurable amounts of car- 
bonate. Since the carbonate contents of the soils were never very large such 
a correction was thought to be justifiable. A blank determination using no 
soil was made in order to correct for the exchangeable bases in the reagents and 
in the filter paper employed. 

if) Determination of exchangeable calcium.— The method of determining 
exchangeable calcium was essentially that used by Williams [1929] The 
observed figures of exchangeable calcium were corrected for the carbonate 
figures. _ Here again since the percentage of carbonate in the soils was in all 
cases quite low, such a correction was thought to be justifiable. 

Results and discussions 
A. Buffer curves 

The data on the uptake of base at different pH values are shown in 
Table I. 

Table I 



Mini equivalent base taken 

up by 100 gni. of over- 

-dry soil 


Lab. 

m. ' 

1-3 

pH 
! 2-9 

pH 

4*6 

pH 

7*1 

pH 

9-8 

pH 

12-6 

Kg. 

No. 

Ip 

,-—4- O' 

1 —1*8 

1*2 

6*6 

15*4 

21*5 


2p 

—4-2 

1, —2*0 

3*7 

8*6 

21*3 

29-7 

1 1 

3p 

-~7-9 

' , , —2*9 , 

3*2 

7*4 

21*0 

30*6 

J 

4p 

-—I- 7 

—0*6 

0*9 

2*7 

7*6 

10*9 

•N 

. ,5p 

5-8 

—1*9 

0*7 

3*4 

11*0 

16*4 


()p 

—IM 

5*4 ' 

—1*3 

3*3 

]6*2 

25*0 

r ^ 

7p 

— 17-<> 

—13*2 

—9*1 

—2*1 

5*6 

13*8 


Sp 

— 5-5 

—2*5 

—0*9 

0*9 

4*0 

7*3 


lOp 

— .34-2 

—15*9 

—3*9 

4*4 

19*7 

31*3 


lip 

—18 -6 

—10*8 

—3*1 

2*6 

18*1 

31*7 


12p 

—12*8 

—8*0 

—2*9 

1*6 

13*6 

24*9 

J 

14p 

— 6vl 

—3 0 

—0*7 

3*1 

15-1 

22*3 


18p 

—9*0 

—4*3 

—2*5 

1*3 

6*7 

12*7 


19p 

—23 ‘4 

—6*6 

—1*5 

2*6 

13*7 

24*7 

> 4 

20p 

—30*9 

—5*9 

—1*7 

1*3 


15*1 

J 






As typical examples of the nature of the buffer curves, those of the samples 
from Dacca (Bengal), Suri (Bengal), Bidar (Hyderabad), Himayatsagar 
(Hyderabad), Raipur (C. P.), and Nilgiri Hills (Madras), are shown in Pigs. 1-8. 
It will be noticed that almost all the curves indicate a more or less definite 
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inflexion at j)H 9 • 8 and a second inflexion either at ‘p H 2 • lM>r^ at /d ! 1 • 6. 1 i 

was felt desirable to determine the buffer values (fi — ^ at//h s _ 

4-6 and 9-8 from the buffer curves. Table 11 shows the enlculalrd imflci 
values. 









Fia. 7. Milli equivalent base taken up by 100 gm. oven-dry soil (Nilgirl Hilli# MiMiriii 

5,000 ft* above sea-level) 
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Table II 


Locality 

Lab. 

No. 

Depth 

: pH 
■ -2-9 : 

pU 

4-6 

: pH ^ 
0-8 

Dacca Faraa, Bengal , 

ip 

0 in . — 6 in. 

0-0015 

0-0018 

0-0038 


2 p 

6 in . — 2 ft. 3 in. 

0-0018 

0-0032 

0-0041 


3p 

2 ft. 3 in.— 4 ft. 

0-0033 

0-0030 

0-0053 

Sari, Birbhum, Bengal 

4p 

0 in .— 1 ft. 

0-0010 

0-0010 

0-0020 


5p 

1 ft.—l ft. 6 in. 

0-0020 

0-0015 

0-0030 


6 p 

1 ft. f) in . — 4 ft. 

0-0034 

0-0021 

0-0052 

Bidar, Hyderabad 

lOp 

Oin — 1ft. 

0-0087 

0-0047 

0-0063 


Up 

I ft.— 3 ft. 

0-0047 

0-0035 

0-0063 


12 p 

3ft.— 4ft. 

0 0033 

0-0026 

0-0060 

Himayatsagar, Hyderabad . 

18p 

0 in. — 3 in. 

0-0023 

0-0007 

0-0017 


19p 

3 m .— 1 ft. 6 in. 

0-0067 

0-0010 

0-0043 


20 p 

1 ft. 6 in . — 4 ft. 

0-0070 

0-0007 

0-0027 

Raipur, Central Provinces , 

33p 

0 in. — 4 in. 

0-0015 

0-0006 

0-0040 


34p 

4 in . — -1 ft. 5 in. 

0-0030 

0-0010 

0*0048 


35p 

1 ft. 6 in . — 4 ft. 

0-0030 

0-0010 

0-0053 

Nilgiri Hills (3,000 ft, above 

53p 

Oin .— 1 ft. 8 in. 

0-0060 

0-0040 

0 • 0046 

sea-levels) ( 1 ) 

54p 

1 ft. 8 in .— 3 ft. 

0-0047 

0-0017 

0*0043 


55p 

below 54p 

0-0042 

0-0013 

0-0048 

Nilgiri Hills (5,000 ft. above 

56p 

0 in .— 1 ft. 

0-0023 

0-0026 

0*0038 

sea-levels) ( 2 ) 

57p 

1 ft .— 2 ft. , 

0-0020 

0-0016 

0-0040 


58p 

2 ft. 6 in .— 6 ft. 

0-0020 

0-0017 

0-0043 

Nilgiri Hills (7,000 ft. above 

59p 

0 in — 1 ft. 

0-0028 

0-0027 


sea-levels) ( 3 ) 

60p 

1 ft.— aft. 

0-0030 

0-0022 

0-6647 


61p 

' 3 ft. — 4 ft. 6 in. 

0-0021 

0-0016 

0-0040 


62p 

4 ft. 6 in . — 6 ft. 

0-0013 

0-0010 

0-0037 



■■ ■ ■ ' .. . . ' ' ■ 

No regular variation of - down the sod profiles is observed. In some 

cases the manner of variation of at the three pH values is not the same. 

Within certain limits of variation, however (approximately 10 per cent), 
it is possible to classify the soil profiles into four divisions : 

1. Increase* of down the profile : Dacca, Suri and Raipur. 

AS 

2. Decrease* of down the profile : Bidar (Hyderabad), Nilgiri 

Hills (1) and Nilgiri Hills (3). 

AB 

*Aii average of the variation of ,at the three pB. values^ 2 • 0, 4-6 and 9 *8, is noted. 


70 


THE INDIAN JOURNAL OE AGRICULTURAL SCIKNCK 


[X 


3. Maximum value* of 


AB 


A^H 

sagar (Hyderabad). 

AB 


at an intermediate depth : Hiraayat- 


4. Value of is fairly eonstant* down the profile : Nilgiri Hills (2). 

Mention may be made here of the work of Anderson and Byers j BUR!] 
who have found that the character of neutralization curves nuuh; wiOi sodiiun 
hydroxide varies widely for colloids of different soil groups. 'I'lie colloids of 
Pedocal soils show the strongest acid charax-ter. H’he colloifls of fhe, latcrilio 
soils have much weaker acid qualities than those of the Periocal soils, and t lu'ir 
titration curves are of such markedly different forin that the two gi'oups arc? 
readily differentiated by this means. The Prairie group and the (fray-Brow n 
Podzolic group have titration curves intermediate in character lad ween fli<).s<* 
of the Pedocal and the lateritic soils. The Pedocal soil colloids nupiire about 
0-55 milli equivalent per gm. to reach the neutral ])oint (pH 7), those from tlie 
Prairie soils just a little less, approximately 0-5, aiid the ( iray-Ifrown l‘odzoli(! 
group covers the range from nearly 0-5 ' to about 0-2, which i.s near tiie 
maximum quantity required by the lateritic colloid. 

Puri and Asghar [1938] have performed electrometric titrations of soils 
after removing from them exchangeable bases by leaching the soils with O-ti.o 
N hydrochloric acid and using glass electrode for measuring the pi I values. 

In our present investigations we have used natural soils with no pre- 
treatment, since Schofield’s procedure of obtaining buffer curves Is obviously 
suitable for working directly with natural soils. 

In a series of publications on the potontiometric and conductometric titra- 
tions of silicic acid sols, humic acid sols and acid clays, Muklierjee and co- 
workers have been investigating as to whether the classical treatment’ of elect ro- 
chemical equdibria is sufficient for an adequate representation of the lu-optuHes 
of these substances (for a review of this series of publications, .see Mukheri<>e 
Mttra and Muklierjee [1937]) . They have shown that electrometric titra- 
tion curves usuaUy afford valuable information regardim^ the total a.hlitie.s 
dissociafron constants, and basicity of acids or mixtures of acids in true .^olu- 
tions. But when the solid phase is pre.sent, the interpretation is not as simide 
Mention may also be made of the work of Bradfield [li!24j who has .slalwn 
that the manner of variation of pH of electrodialysed day with its concent t a- 
tion IS of the same nature sa that of a weak acid, like acetic acid, and has thus 
concluded that the colloidal fraction of an acid soil can itself be considered to 

defimte titrataWe acidity or normality on titration witli .strong bases. Puri and 
^ghar [1938] have also concluded from their results that the titration mirves 
of soil acidoids closely re^mble those of weak dibasic acids, ft may also be 
mteresti^ to note that Puri has defined the teams exchangeable lis^s ex- 
angeable hydrogen, base-exchange capacity and saturation capacity in 

uoted^^ 



terms of the acidoid equivalent of the soil samples, thus giving an interpreta- 
tion to these terms whieh hears no reference to any particular method of 
estimating these quantities. 

Attempt at a discussion of the nature of buffer curves on the same lines as 

the electrometric titration curves would be, at this stage of our knowledge, 
quite premature. The study of the buffer curves has, however, an interesting 
feature. Different soils have different but specific constituents with specific 
buffer capacities. It is suggestive, therefore, that for characterizing the soil 
types from the point of view of soil survey, the study of buffer curves might 
be of interest and of significant importance. 

It is difficult to suggest the significance of the inflexions of the buffer 
curves at j)H’s 2*9, 4*6 and 9*8 and the problem is under investigation. 
Mention may be made here of the potentiometric titrations of sodium silicate 
solutions with hydrochloric acid carried out by Joseph and Oaldey [1925], 
Harman [1927], Britton [1927] and with sulphuric acid by Krestinskaja and 
Moltschanowa [1936]. The results of these investigations show an inflexion near 
about jpH 11*0, which indicates a definite stage of neutralization at this pH. 
This inflexion has been supposed by Harman to correspond to the formation 
of acid silicate (NaHSiO 3). 

Krestinskaja and Moltschanowa, on the other hand, conclude that the 
inflexion at pH 11* 0 represents the neutralization of hydroxyl ions produced 
by the hydrolysis of sodium, silicate : 

SiOg " + HgO HSiOa ' + OH ' 

Harman and Britton have observed a second inflexion between pH’s 5 and 
6. They regard this second inflexion to represent the complete liberation of 
silicic acid whilst Krestinskaja and Moltschanowa consider the second inflex- 
ion to represent the neutralization of the hydroxyl ions derived from the 
hydrolysis of the acid silicate: 

HSiOs ' + H,0 ±> H^SiOa + OH ' 

Krestinskaja and Moltschanowa also observed a third inflexion at pH 
4*5, which they suggest might be due to the decomposition of a complex 
silicate stable in the acid region. 

Since in the composition of soils silicates predominate, it is quite possible 
that the inflexion points in the buffer curves of soils might be analogous to 
those observed in the case of potentiometric titration curves of sodium silicate 
solutions. The free alumina present in the soil samples probably also play an 
important role in determining the nature of the buffer curves. 


B. Experiments with electrodialysed soils 

The soil samples 53p — 55p from the Nilgiri HiUs were electrodialysed * 
and the buffer curves of the soils are shown in Fig. 9. 

Regarding the nature of the buffer curves of the electrodialysed soils it is 
found that up to about pH 7*l, aU the curves are almost linear. The curves 

process of electrodialysis was carried out in a 3 -chambered eleetrodialysis 
vessel of Pauli’s pattern. The soil was kept in the middle chamber and eleetrodialysis 
was carried oxtt until the liquid at the cathode was neutral. 
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for the eleotrodialysed soils 53p and 55p show an inflexion at pH 9-8, whilst 
that lor 64p does not. This behaviour of the soils is indeed very striking in 
comparison with the behaviour of the same soils, unelectrodialysed, whioh 
show an exactly opposite behaviour. 


fiG. 9. MiUi equivalent base taken up by 100 gm. oven-dry oloidrodialysod soil 
(Nilgiri Hills, 3,000 ft. above sea-level) 

C. Base-exchange reactions 

Table HI gives in one place the pH values, the miUi equivalent exchaiige - 
able bases per 100 gm. oven-dry soil (x), the saturation capacities in niilli ecpu- 
valent base per 100 gm. oven-dry soil (y), percentage base saturation 

•C 

[ — X 100), milli equivalent exchangeable calcium per 100 gm. oven-dry soil 

(z)^ exchangeable calcium as percentage of total exchaiigcablo banes { — x 100) 

ss 

and finally exchangeable calcium as percentage of total saturation capacity 
(-XlOO). 


It will be noticed that in general the percentage base saturation decreases 
down the following profiles : Dacca and Nilgiri Hills (2). In the case of the 
profile from Bidar, the percentage base saturation increases with increase in the 
depth. In the case of the profiles from Suri and Nilgiri Hills (3), the percent- 
age base saturation shows a maximum value at intermediate layers. The 
Himayatsagar, Raipur and Nilgiri Hills (1) profiles, on the other hand, show a 
minimum , percentage base saturation at intermediate layer. 
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Table III 


. Xocality . . 

Bab. 

No. 

Depth 

i?H 

a? 

V 

1 - 

— xl0( 

y 

z 

z 

— xlOC 

z 

— XlOO 
V 

Dacca FarTO, Bengal . 

Ip 

Oiix.— 6 ill. 

5-2 

2'61 

6-6 

46*60 

1*43 

64*96 

26-54 


2p 

6 in.— -2 ft. 3>In. 

6*3 

3*63 

8-36 

43*38 

1*22 

33*70 

14*61 


3p 

2 ft. 3 In.— 4 ft. 

6-2 

4-69 

11-4 

41*14 

1*63 


14*30 

Siiri, Birbhtim, Bengal 

4p 

0 in.— 1 ft. 

6-4 

1-39 

2-4 

56-00 

0*67 

48*37 

27-9 


5p 

1 ft.— 1 ft. 6 in. 

6*4 

3*48 

6-60 

63-27 

2*62 

64*71 

46*8 


6p 

1 ft. 6 in. — 4 ft. 

6*2 

7-63 

13*90 

64*85 

4*97 

66*22 

36*8 

Bldar, Hyderabad 

lOp 

0 in.— 1 ft. 

6*2 

8-38 

11-00 

j 76*20 

21*10 

252*00 

191*9 


lip 

1ft.— 3 ft. 

6*2 

12-12 

14-30 

84-76 

11*89 

(?) 

93*99 

(?) 

79-7 


12p 

3 ft,— 4 ft. 

6-4 

9-6 

10*40 

91-30 

9*02 

94*99 

86-7 

Himayatsagar, Hyder- 
rabad. 

18p 

0 in.— 3 in. 

6*4 

6-46 

6-00 

91-00 

4-38 

80*23 

74*7 


19p 

3 in.— 1 ft. 4 in. 

6-4 

10-04 

15*69 

64-35 

7*46 

74*35 

47*8 


20p 

1 ft. 4 in.— 4 ft. 

7-3 

10-96 

13*90 

78*82 

7*94 

72*44 

67*1 

Eaipiir, Central pro- 
vinces. 

33p 

0 in. — 4 in. 

5*8 

3-83 

4*40 

87*(^7 

2*13 

56*48 

48*4 

i 

34p 

4 in.— 1 ft. 5 in. 

5-8 

6-83 

9*30 

73*33 

4*36 

63*89 

46*9 


36p 

1ft. 5 in.— 4 ft. 

6*4 

7-48 

9*30 

78*00 

3*60 

48*09 

37*5 

Nilgiri Hills (3,000 ft. 
above sea-level) ( 1 ). 

53p 

0 in.— 1 ft. 8 -in. 

6*8 

18-92 

19*58 

96*62 

14*91 

78*8 

76*1 


54p 

1ft, Sin.— 3ft. 

6*4 

7-98 

13-04 

61*19 

6*18 

70*4 

44*5 


55p 

Below 54p 

6*4 

8-72 

14-03 

62*13 

6*90 

67-6 

42-0 

Nilgtri Hills (5,000 ft. 
above sea level) (2). 

66p 

0 in,— 1ft. 

5*5 

5-66 

10-64 

53-16 

2*86 

60*6 

26*9 


57p 

1 ft.— 2 ft. 

5-4 

1-94 

9-49 

20-41 

0*28 

17*8 

3*9 


08p 

2 ft. 6 in.— eft. 

5-4 

1*72 

13-90 

12-37 

... ■ 

... 

■ ... 

Nilgiri Hills (7,000 ft. 
aboveaea«level)(3). 

50p 

0 in.— 1ft. 

5*2 

6 -03 

12-64 

39-79 

2*44 

48*60 

19*3 


OOp 

1ft.— 3 ft. 

6-2 

2*73 

3-21 

85*04 

0-31 

11*32 

9*7 


oip 

3 ft.— 4 ft. 6 in. 

6*6 

1-61 

3-81 

48*64 

0*39 

24*20 

11*8 


C2p 

4ft. 6 in.— 6 ft. 

6-7 

2-58 

6-21 

49*62 

0*34 

13-20 

6-5 


Tile ratio of exchangeable calcium to the total exchangeable bases ex- 
pressed as percentage (— x 100), in general, decreases down the profile. 

Tiie figures are often quite low , showing that in such cases exchangeable bases 
other than calcium predominate, eg. Dacca, Suri and Nilgiri HiPa (2 and 3). 
The sample lOp seems to be extraordinarily rich in calcium*, perhaps it con- 
tainsgypsum. 

♦Duplicaks (lofconninafcions of exchangeable calcium were, however, fairly concordant. 



THE 


INHiAN JOUENAL OP AGEICDI/fUBAf, SCIENCE 


The values of are important in this sense tha\i they give an idea of tlie 

y 

comparative lime-status of the soil. The following proliics show a (l(Mfiease oi 
— values down the profile : Dacca, Raipur, Nilgiri Hills (1 and 2). 

y 

The profile from Suri shows a maximum value at intermediate <lepth, 

whilst profiles from Bidar and Himayatsagar show a minim urn value <)t 

at an intermediate depth. Ifrom the point of view of soil genetics it woukl 
appear that the profiles which show an increasing lime-status at gi*cater depths 
have been produced under comparatively more waterlogged or less free drain- 
age conditions. In agreement with this postulation it will l)c noticed that the 
prevailing lime-status of the three profiles from the Nilgiri Hills whicli were 
taken at altitudes 3,000 ft. (1), 5,000 ft. (2) and 7,000 ft. (3) are approximately 
in the order (1) > (2) > (3). 

Mattson and Wiklander [1937] have defined two amphoteric points of a 
soil colloid thus : 

{a) The equi-ionic point of a soil is defined as that ot a solution whic*h is 
unaffected hy the addition of the soil in its completely unsatiirated, free-achl- 
base ampholytoid condition. In other words, it is that of the soil at whk*h 
the absolute capacities to bind acid {y) and base {x) are equal, i.e. at which 
the net capacity to bind acid or base is equal to zero, i.e. 

[b) The point of exchange neutrality is defined as that 'pR of. a soil susfHui- 
sion which is unaffected by the addition of a neutral salt. It is tliat jd! at 
which the increments produced by the salt in the capacities of the soil to com- 
bine with the anions and cations of the solution are equal, or wliore 
( 2/1 — y) == where x and y represent the capacities to hiud base and acid 
respectively in water and x-^ and the corresponding capacities in a salt 
solution. 

In the application of the ideas of Mattson in the present iustaiu^e iiiore is 
one point to be considered. Although the adsorbablo cation is the same 
throughout, namely calcium, the adsorbable anions vary. Assuming tha-i I he 
adsorbability of the anions is the same, it follows that the point of intcu’se<'t,ion 
of the buffer curves of electrodialysed soils with the line of zero adsorptioti 
should correspond to the equi-ionic point of the soil. Also from general consi- 
derations it is evident that the jjK at which the buffer curves iuters(‘et. the 
line of zero uptake of base should be, from tlieoretical considerations, same 
as the pH of the soil." Table IV records the pH of the samples as obtained by 
Kuhn’s barium sulphate method and the p.H at whicli the buffer curves in- 
tersect the line of zero uptake of base. 

It will be noticed from the table that generally the pH indicated by 
the intersection of the buffer curve with the line of zero adsorption is lower than 
that obtained hy Kuhn’s method. This is probably due to tlie exchange a<’idity 
developed by the contact of the soil with the electrolytes present in tiie fniffer 
solution. In several instances, however, the agreement betwwii the pH 
values obtained by the two methods is quite satisfactory (ctp. 7p, lip, i2p, 
18p, 26p, 27p, 33p, 34p, 42p, 46p, 49p, 51p, 53p, 54p, 55p, 5bp, 5Hp, 63p, IIHp, 
73p, 74p). In a few cases the pH obtained from the intersectiaii of the biifTer 
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curve with the line of zero adsorption is higher than that obtained from Kuhn’s 

method, e.g. 45p, 61p, 62p, 64p and 67p. 


Table IV 


Lab. 

No. 

pBL by 

Kuhn’s 

method 

, ' 1 

pK from the in- 
tersection of the 
buffer curves 
with the line of 
zero adsorption 

f 

Lab. 

No. 

|)H by 
Kuhn’s 
method. 

pH from the in- 
tersection of the 
buffer curves 
with the line of 
zero adsorption 

ip 

5*2 

3*9 

45p 

6*8 

6*2 

2p 

5*3 

3*6 

46p 

6*3 

6*6 

3p 

6*2 

3*7 

47p 

6*1 


4p 

5*4 

3*6 

48p 

5*3 

4*6 

5p 

5*4 

4*1 

49p 

5*4 

5-6 

6p 

6*2 

5*2 

50p 

6*4 

5*6 

7p 

7*8 

8*0 

51p 

7*2 

7*1 

8p 

6*6 

5*5 

53p 

6*8 

6*9 

lOp 

6*2 

5*7 

64p 

6*4 

6*2 

lip 

6*2 

5*9 

55p 

6*4 

6*2 

12p 

6*4 

6*2 

56p 

5*5 

5*2 

14p 

6*4 


57p 

5*4 

4*8 

18p 

6*4 

6*5 

58p 

5*4 

5*7 

19p 

6*4 

6*0 

59p 

5*2 

3*9 

20p 

7*3 

6*5 

60p 

5*2 

5*6 

2.3p 

6*3 

5*9 

61p 

5*6 

6*4 

24p 

6*4 

5*7 

62p 

5*7 

6*2 

25p 

7*1 

5*6 

63p 

5*8 

5*9 

26p 

6*7 

6*5 

64p 

5*9 

6*4 

27p 

6*8 

6*5 

65p 

6*4 


33p 

5*8 

5*7 

67p 

6*4 

7*8 

34p 

6*8 

5*5 

68p 

7*5 

7*3 

3.5p 

6*4 

6*0 

70p 

5*6 

4*4 

42p 

6*2 

6*5 

7 Ip 

5*7 

4*3 

43p 

7*2 

6*2 

73p 

6*3 

6*6 




74p 

6*2 

6*5 


D. Influence of saturation with lime at pH 7-1 on the maximum water -holding 
capacities and of percentages of imbibitional water 

Most plants have their optimum of growth at about neutral point. 
It was felt desirable to examine as to how far saturation of soil with lime at 
pH 7 ■ 1 affects the maximum moisture-holding capacities and the percentages 
of imbibitional water of some Indian red soils as determined by Keen-Rack- 
zkowski box experiment. 

E. Saturation of soils with lime at pH 7-1 

In obtaining the soils saturated with calcium at pH 7 • 1 the buffer method 
of Schofield [1933] has been used. About 100 gm. of soil were treated in a 






lyg THE INDIAN JODRNAD OE AGftlCDLl'OEAL SCIENCE [X 

wide-mouthed bottle with about 250 c.c. of 0- 06 N p-nitropheuol solution half- 
neutralized with bme. The mixture was allowed to settle overraght, iukI on 
the folowing day a measured amount of the clear supernatant li(|UKi was 
pipetted off and titrated with 0-05 N hydrochloric acid, ihe bulk ot tie 
supernatant liquid was then decanted off, fresh stock of bufier solution was 
added to the soil and the whole process was repeated until there was no change 
in the titration figure of the supernatant Hquid. The soil was filtered oil m a 
Buchner funnel, dried in air, passed through 1-mm. sieve and finally stoikcd 
in a wide-mouthed bottle. 

J. Keen-BackzJcowshi box experiment 

The boxes used for the experiments were 5 cm. in internal diameter and 
1-5 cm. in internal height. The determinations were made as described l>y 
Coutts [1932]. Following the work of Fisher [1924], the measurements with 
the Keen box were made with xylene as well. Fisher assumed that unlike 
water, xylene is not imbibed by the colloidal material of the soil. The inibibi* 
tional moisture capacity, according to Fisher, thus represents the Yolume of 
water retained by unit volume of soil, less the volume of xylene retained by the 
same soil. In the determination of xylene equivalent, the procedure followed 
by Bussell and Gupta [1934] was used.* The boxes were overfilled with air- 
dry soil. They were then put at llO'^C. in an electric oven for 18 lumrs, 
allowed to cool in a desiccator, gently repacked and the surplus soil Bcraped 
off with a knife. The boxes were weighed and put in xylene to a depth just, 
covering the bottom of the box, in a circular glass trough as in the case oi 
water. The soil was kept in contact with xylene for a period of 18 hours and 
the final weights of the boxes were noted. 

Table VII shows that in general the maximum water-holding capaeitic^s 
and the maximum xylol-holding capacities of these red soils increase on saturat- 
ing the soil with lime. It may be stated here that, in agreement with the. 
observations given in the following tables, Singh and Nijawan [193r^j hav<^ 
shown that the rate of percolation and water-holding capacity of soils <‘Oiitaiii- 
ing increasing amounts of exchangeable calcium is invariably followed by an 
increase in the rate of percolation and water-holding capacity of the soil. 

The observations made in field experiments that treatment with lime 
generally increases the productivity of the land, considered in conjunciicm with 
our laboratory data, thus suggest that in cases wdiere the maximutn watci*- 
holding capacity is increased on saturating the soil with lime, the aiiplicaliori 
of lime in the land should show a response in the increased yield of errops. I n 
the cases where it decreases on saturation with lime, the application oi’ liiru^ 
by farmers should not show appreciable response in the yield of crcqts. Pot 
experiments to test this hypothesis are in contemplation. It is not possible 
to say anything about the change suiRered by the percentages of imlubed water 
on saturation with lime. In the case of a considerable number of soils the 
percentage of imbibed water decreases, whilst, in the case of an almost equal 
number of soils, it increases on saturation with lime. 


. *The wettings were done in air siiioe it was observed that within ihes limits of fjx- 
perimental error there was very little difference between tluj maximum amount^ of a 
liquid held by a soil when wett^ in vacuum and in air. 


STUDIES ON INDIAN BED SOILS, I 
Table V 


77 



I" 


I] 


Original soil 

{Results expressed on oven-dry basis) 


Locality 

Lab. 

No. 

Maximxma 

water-holding 

capacity 

Maximum , 
xylol-holding 
capacity* 

Vol. of imbibed 
water per 100 
gm. soil 

Dacca Farm, Bengal 

Ip 

47-9 

40*3 

2-7 


2p 

50-9 

39*1 

6*5 


3p 

50*0 

38*8 

6-5 

Suri, Birbhum, Bengal . 

4p 

27*7 

14*2 

11-8" 


5p 

38*3 

31*4 

3-0 


7p 

47*6 

40*1 

2-6 


8p 

36-4 

30*3 

2-4 

Bidar, Hyderabad 

lOp 

42-6 

37*2 

0-7 


lip 

50*3 

43*0 

2*1 

Himayatsagar, Hyderabad . 

18p 

33*3 

28*3 

1*6 


19p 

50-6 

36-3 

9-3 


20p 

39-9 

29*1 

7-2 

Telankeri, Nagpur (C. P.) 

23p 

52-4 

34*1 

14*2 


24p 

67-3 

42- 1 

20-0 

Telankeri, N agpur (0 . P.) 

26p 

73-4 

44*6 

23-3 


27p 

53*1 

36-8 

12-9 

Raipur (C.P.) 

33p^ 

37-2 

27*9 

5-9 

Alisagar, Hyderabad . 

42p^* 

31*3 

22v7 

5-8 

ICokat, Cannanore, Malabar . 

45p^* 

45*3 

32-9 

8-3 

Nilgiri Hills, Madras (S,000 ft.) 

53p 

48-7 

34-8 

9-6 


54p 

52-1 

33-9 

14-0 


55p 

42-4 

33-5 

4*8 


♦Xylol used (E. Merck) was dehydrated with anhydrous calcium chloride. 

♦♦Experiments could not be carried out on profile basis as some soil samples were 

exhausted. ■ 
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Table VI 

Soil saturated with at p/f 7 * 1 
(Results expressed on omn-dry basis) 


V<^L cif iifibihf'd 
wiiter p^r 100 
crru «oii 


Locality 


Dacca Farm, Bengal 


Suri, Birbhiwn, Bengal 


Bidar, Hyderabad 


Himayatsagar, Hyderabad 


Telankeri, Nagpur (0. P.) 


Telankeri, Nagpur (0. P.) 


Raipur, Central Provinces 


Alisagar, Hyderabad 


Kakat, Cannanore, Malabar 


Nilgiri Hills, Madras (S,000 ft.) 


*Xylol used (E. Merck) was dehydrated with anhydrous calcium chloride. 

**Exporimeiit8 could not be carried out on profile basis m some soil samples 

exhausted. 



Maximum 

Maximum 

Lab. 

water-holding 

xylol- liohii fig 
capacity * 

! 

No. 

capacity 


1 } 
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Table VII 

Differences of the data in Tables V and VI 
{Saturated soil— original soil) 


Locality 

Lab. 

No. 

Maximum 

water-bolding 

capacity 

Maximum 

xyiobbolding 

capacity 

VoL of imbibed 
water per 100 
gm. soil 

Dacca Farm, Bengal . 

Ip 

1-8 

3-6 

5-8 


2p 

1*3 

1-4 

0*2 


3p 

0-4 

—0-5 

0-8 

Suri, Birbhum, Bengal 

4p 

31 

9-7 

■ —7-9 


6p 

1-5 

—2*5 

4-3 


7p 

9-6 

9-9 

-2-6 


8p 

1*4 

-—4-2 

—1-6 

Bidar, Hyderabad 

lOp 

3-3 

2-7 

0-3 


Up 

6-2 

1-2 

4-8 

Himayatsagar, Hyderabad . 

18p 

3-5 

---3-9 

7*8 


i9p 

1-3 

1-8 

0-7 


20p 

4-4 

0-2 

4-2 

Telankeri, Nagpur (C. P.) . 

23p 

10-1 

6-2 

3-1 


24p 

0-0 

0-1 

0-0 

Te.lankeri, Nagpur (C. P.) . 

26p 

~-3-4 

9-4 

--13-9 


, 27p 

—1-8 

6-2 

—8-7 

Baipur, Central Provinces . 

33p 

0-3 

5-1 


Alisagar, Hyderabad * . 

42p 

1-5 

3-4 

—2-3 

Kakat, CJannanore, Malabar 

45p 

-~-3-9 

1-8 

—5*9 


53p 

1-1 

—1-0 

2-3 

Nilgiri Hills, Malabar (3,000 

64p 

2*6 

—0-1 

: s-a''':' 

ft.) 

55p 

4-8 

4-2 

1-2 


StraiMAET 

1. Buffer curves were obtained in the case of a number of soils represent- 
ing several typical red soil profiles from Dacca (Bengal), Suri (Bengal), Bidar 
(Hyderabad), Himayatsagar (Hyderabad), Chandkhuri Farm (Raipur, 0. P.)( 
Nilgiri Hiffs (Madras, 3,000 ft. 6,000 ft., and 7,000 ft. above sea-level). Data 
for some typical base-exchange properties were also obtained, e.g. maxiinum 
saturation capacity, percentage base saturation and percentage of exchangeable 
calcium. ^ ' v: r: 
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2. Almost all the huffier curves indicate a more or less definite inflexion at 
33H 9-8 and frequently a second inflexion either at 2*9 or at 7>H 4*<». 

The huffier values of the soils at i)H’s 2 • 9, 4-6 and 9 • 8 were calculated 

from the curves and xrithin certain limits of variations {approximately 10 per 
cent) it is possible to classify the profiles into the following four groups : 

(o) Increase of the profile ; Dacca, Suri and Raipur. 

(h) Decrease of ‘ Nilgiri Hills (8,000 ft. 

and 7,000 ft. above sea-level). 

A'B 

' ,(c) Maxiniiini valu6 of , iEt6riii6<iia»t6 la»y©r i . HimRyfttsagsi*. 

(d) fairly constant down the profile : Nilgiri Hills (5,000 ft. 

above sea-level). 

3. The percentage base-saturation, in general, decreases down the follow 
ing profiles : Dacca and Nfigiri Hills (6,000 ft. above sea-level). It shows a 
tendency to increase with the profile from Bidar. In the case of the profile 
from Suri and Nilgiri Hills (7,000 ft. above sea-level) the percentage base- 
saturation shows a maximum value at intermediate layers. The Himayat- 
sagar, Raipur and Nilgiri Hills (3,000 ft. above sea-level) profiles on the other 
hand show a minimum percentage base-saturation at an intermediate layer. 

4. In general the ratio of exchangeable calcium as percentage of total 
exchangeable bases decreases down the profile. These ratios are often quite 
low, showing that in such cases exchangeable bases other than calcium pre- 
dominate. 

5. The ratio of exchangeable calcium to the total saturation capacity 
shows a decrease down the following profiles : Dacca, Raipur, Nilgiri Hills 
(3,000 ft. and 6,000 ft. above sea-level). The profiles from Suri show a maxi- 
mum value at intermediate depth, whilst profiles from Bidar and Himayat- 
sagar show a minimum value of the ratio at intermediate depth of the profile, 

6. A number of red soils of India collected on profile ba.sis were treated 
with half-neutralized p-nitrophenol calcium huffier of pH 7 • 1 until the soils 
were saturated with lime. The soils were subsequently freed from adhering 
salts. The following properties of these soils before ami after treatment with 
lime-buffer were compart ; 3 

(а) Maximum water-holding capacity. 

(б) Maximum xylene-holding capacity, 

(c) Percentage imbibitional water. 

It is found that in general the maximum water-holding and the maximum 
xylene-holding capacities increase on saturation with lime. The percentage 
of imbibitional moisture-holding capacity, however, does not show 8»wh general 
behaviour. ® 
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tte oilseed crops commonly grown in Northern India, toria (Brassica 
TWpns L. var. dichotoma Prain) and sarsem {Brassica campestris L. var. 
sarson Prain) occupy an important position as regards acreage in the Punjab. 
A review of the literature available on these two crops shows that practically 
no work has so far been done on the course of formation of oil in the 
developing seeds in order to ascertain the period of most rapid oil formation 
and thus to coordinate the results obtained from such a study with the effect 
of various factors governing the yield and quality of the oil. In order to obtai n 
some evidence on this point, the Oilseed KSection, Lyallpur, has during the past 
three years made a few preliminary investigations which form the subject 
matter of this note. A brief reference to the results obtained in 1936-37 was 
made in the progress report, submitted to the Imperial CouncU of Agricultura 1 
Research, on the scheme for additional research on oilseeds in the Punjab for 
that year. The observations were then made on the crops grown with two 
irrigations and without the application of any manure. The exi>criment8 
were repeated on both toria and brown sarson during the two subsequent 
seasons (1937-38 and 1938-39), and in order to widen the scope of thc.se inve.s- 

tigatjons the foUowmg manurial and irrigation treatments were included in the 
trials 

(i) No manure and no irrigation 

iii) No manure but one irrigation applied at the commencement of 
looc formation {vide results obtained in the year 

iyoO"o I j 

{Hi) No manure and two irrigations, i.e. one at the commencement of 
critical stage of oil formation and second during the maximum 

truitmg penod 

{iv) Farmyard manure equivalent to 25 Ib. of nitrogen per acre applied 
"®Iore sowing and two irrigations as above 
{v) Tona cake equivalent to 25 lb. of nitrogen per acre applied before 
sowmg and two ungations as above 
(la) Sodium nitrate equivalent to 26 lb. of nitrogen per acre applied 
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The investigations being of a preliminary nature, the exnerimpnf i t 
very simple m form. The various treatments were given to the prnn« 
small plots of 1/180 acre each. It may be pointed out thnf- ^ grown on 
th. year, 1936-37 and »38-39, the yL 

prevalence of comparatively low temperatures during the main blot^int- 
periods of the crops, i.e. between November and February, and for tWs reason 
^e results obtained during this year are somewhat different from those obtain 
ed during the Other twoyears. This variation in the general run of te™ 
tures was propitious froin the point of view of these studies as it gav^anSS- 
tanity for gauging the effect of variable weather on the rate of oil formation 
The results obtained during the aforesaid three years are of great interest and 
since they are hkely to prove very useful in further researfnn W crrns’ 

they are presented here in the form of a short note. these crops, 

procedure adopted was as follows 

Freshly opened flowers in efficiently large numbers were tagged during 
2 follows^- different bloom periods which were taken to hi 


Crop 

Early bloom period 

- — ^ ^ ; 

Mid bloom period | Late bloom period 

Toria 

First week of ISTovember 

Last week of November 1 Middle of December 

Brown sarson 

Last week of December 

Middle of January j First week of Feb- 


1 1 * 

! ruary 


caseslor-ti; deteTminaTo^T^^^ f in all 

ten days throughout the growing season. Measurements of SSt?a^?br^rh 
of 25 ovules were recorded in the case of each samnle Th? 
weights of 1 000 ovules were also determined in each cL'. The rlsuL^obto 
ed during these investigations are summarized in Tables I-III from wbiVTi 
following general conclusions can be drawn ^ ^ 

• ^ ma.timum size of the developing ovules as 

the CMe of 50 days old ovules were 2-23 mm. and 1 • 99 mm!^ ^ ^ ® “ 

(e) Ihe fresh weight of developing ovules in both fnrin and Ryn-™, 
continued to increase at a rapid rate till about a month after fertili/afin*^*^ + 
the end of which time it turned the scale at a fig^e se^l ^2 2 

recorded in the case of ten days old ovules in tom and about 17 times inThe 
case of brown sarson. Thereafter the weight remained more or les^constait 
in tona, whereas in brown sarson there was a slight increase till the nf d 

maturity, however, there was a decrease^f abS 
33 per cent m the maximum fresh weight in brown sarson, which may posSly 
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be due to the desiccating effect of somewhat hot weather prevailing during 
Man:h when brown sarson reaches maturity. The dry weight increased as the 
seed developed, obviously due to storage of greater quantities of food materials 

with an advance in development (Table T). , , , , , 

(c) Except for the first few days of seed (fertilized ovule) dovelopiuont 
the pOTcentage of moisture decreased as the seed advancorl m age. lor 
example, in toria the moisture content in the case of all determinations made in 
ail the years under consideration averaged 75-05 per cent when the ovules 
were ten days old. The average moisture percentage in the case of 20 day.s 
old ovules had increased to 80-73 and thereafter with an advance in Uie ago 
of ovules it continued to decrease steadily till it reached the figure ot 14 iii 
. the case of 70 days old ovules. Similarly, in brown sarson the average moi.sture 
percentage when the ovules were ten days old was 65-73, and in the 20 days old 
ovules it was 79 • 27 as against 12-77 when the ovules were 70 days old. H ere 
a difference in the moisture content of 70 days old ovules of toria and brown 
aarsow is noticeable which is presumably due to weather, which is mill and cold 
in the case of toria and somewhat warm in the case of sarson at the time when 
the ovules attain an age of 70 days in these two crops. 

{d) The percentage of oil increased as the seed developed. For example , 
in the year 1936-37 the most rapid formation of oil in developing sccil, express- 
ed as. the percentage of ether extract on dry basis, began when tlic seed was 
about 20 days old, and continued for another 20 days in the early and raid 
bloom periods in toria (Table II). The maximum percentage of oil was nearly 
reached at the age of 40 days, there being slight increase after that age fill 
maturity. Similar conclusions were arrived at in the case of brown-seeiied 
sarson in the mid and late bloom periods also. For instance, in brown sarson 
the oil percentage (average of mid and late bloom periods) in 40 day.s old seeds 
had increased to 44-88 from 4-56 found in the 20 days old seeds. Similarly 
in toria the oil percentage (average of early and mid bloom periods) in 40 days 
old seeds was 41 - 64 as against 5-71 obtained in the case of 20 days old Heeds. 

(e) In the case of early-formed ovules in brown-seeded sarson aiui lafe- 
formed ovules in toria, in all the three seasons, the inerea.se in tixo oil content 
was very slow and the amount of oil formed was also much less ('f’uhle 11). 
This fact could be attributed to the adverse effect of frost and cold which .syn- 
chronized with the early bloom period in brown-seeded sarson and late, bloom 
period in toria. For example, the oil percentage in the late bloom period 
(average of three years), when the seed was 40 days old, was 16-26 only in 
toria, as compared to 41-28 and 39-59 in early and mid bloom periods, ntspCf - 
tively. In brown sarson the oil content in the case of ovules formed in curly 
bloom period, when 40 days old, was 22-52 per cent, as compared to 37-10 
and 41 - 07 formed in the mid and late bloom periods, respectively. 

(/) Further confirmation of the effect of weather on the rate of oil forma- 
tion was obtained in the year 1937-38 when, owing to the severity of cold during 
the mid bloom periods of both toria and brown-seeded sarson, the accumulation 
of oil in the ease of all treatments was rather slow. The period of most rapid 
oil formation in the ovules during this year varied iBrom about 30 to 60 days in 
toria and from about 30 to 60 days in brown-seeded sarson (Table III), as 
compared to about 20 to 40 days after flowering during the year 1036-37 
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(a year of normal temperatures). Taking the average for all treatments in 
1937-38, the oil percentage, when the ovules were 40 days old, was only 19- 64 
and 27-38 in tom and brown sarson respectively, and reached the normal 
figure, viz. 42-57 and 44-38 when the ovules were 60 and 50 days old in tona 
and brown sarsw, respectively. On the other hand, in 1938-39, when the 
temperatures were midway between those in the other two years under consi- 
deration, the rate of oil formation was greater than in 1937-38, the oil percent- 
age (average of all treatments) in the former year when ovules were 40 days 
old being 36-79 and 38-94 in toria and brown sarson, respectively (Table Ili). 
In 1938-39 the fresh and dry weights of 1,000 ovules were also comparatively 
greater in all cases as compared to 1937-38. This is attributed to better deve- 
lopment of ovules resulting from more suitable climatic conditions which 
prevailed during 1 938-39. It is, therefore, concluded that under the conditions 
of these experiments the rate of oil formation in the two crops under considera- 
tion is mainly controlled by the meteorological conditions obtaining during 
the periods of seed development. 

(g) The effect of manurial and irrigation treatments on the fresh and dry 
weights of 1,000 ovules and on the rate of oil formation was negligible. 

Further work by the junior author, who is mainly responsible for the 
chemical investigations relating to this scheme, is in progress and it is hoped 
that with the accumulation of more data further light will be thrown on the 
various aspects of the problem concerned. 
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Oil percentage in developing ovules of toria and brovm sarson during different periods of their growth in 1936-37 

1937-38 and- 1938-39 

{No manure and two irrigations) 
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. . ) No samples were available owing to the crop being over. 
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A NEW CORTICIVM ON OBANGE STEM 


BY 
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Mycologist to Qovernmmt, Central Provinces and Berar, Nagpur 

(Beceived for publication on 7 August 1939) 

(With Plate I) 

I N July 1938, when the writer was touring in Burhanpdr (Nimar district), 
Central Provinces, a few orange trees {Citrus auraniium), ahuxit four years 
old, in an orchard were observed to have a white mycelial growth on the lower 
part of the stem facing south-west. From a distance it looked as if the stem 
was washed with lime. The growth was uniformly white and compact ; at the 
margins the hyphse spread out like a fan and were feathery in appeamnce. 
Though this white growth covered about 10 cm. of the circumference of the 
stem up to a height of about 30 cm. from the ground level, stiU the stem 
looked in no way unhealthy; there was no exudation of gum, no depression 
or drying or rotting of the bark ; on scraping the bark below the white felt trf 
mycelium the plant tissues were observed to be normal. The crown roots Were 
also healthy and free from this mycelial growth. 

Moephology 

When the material collected at Burhanpur was examined in the laboratory 
at Nagpur the fungus mycelium was found to belong to a Basidiomycete, 
judging from the presence of club-shaped basidia bearing sterigmata. 

In hand sections and in miorotomic sections the mycelium was found to be 
wholly superficial ; but the hyphse filed the clefts or crevices formed by the 
cracking and scaling of the bark. In hand sections it was not always possible 
to get the film of the mycelium attached to its substratum, as the section of 
the film readily separated from the section of the bark. In microtomic sections 
the paraffin ribbon with the sections was often badly torn as in the mycelUin 
were embedded minute particles of stone and dirt. At times along with this 
Basidiomycete were found hyphse and pycnidia of a Biplodia, which was 
growing within the tissues of the bark; the basidiomycetous hyphse often 
overran the pycnidia and the particles of stone and dirt, and completely cover- 
ed them. 

The mycelum can be roughly divided into three layers. The layer in 
contact with the substratum is thin and consists of long, delcate strslndS Of 
h37phse, running along the stem and paralel to each other ; they are slender and 
of rather uniform diameter, about ; they are sparingly septate and very 
Ittle branched ; they are compact but not twisted ; they are without clamp 
connexions or anchor cells (Plate I, figs. 1 and 2) ; hyphal fusions have been 
observed, but very rarely. Ikom some of these long hyphse arises a broad 

( 89 ) 
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retictaum layer. It cbnsists of profusely branched hyphae with short, broad 
ceUs forming a loose network (Plate I, fig. 2) ; these cells are of varying shapes, 
snch, as globular, globoid, gemculated, oylindrical, etc. ; they are 5*0-7*5u 
wide - the length is more variable, 8-3-21-6 g ; two neighbouring cells often 
fuse together. Prom this broad reticulum layer arises tangentially a row oi 
cylindrical, erect and hyaline cells, the basal cells, 10-0-16‘6 x 3-3-6-6 a , on 
these basal cefis are borne the basidia. Neither hyphal clumps nor gloeocys- 
tidia are present. The hyphse are thin-walled and not incrusted. 


Basidia and easidiospobbs 

Basidia do not arise directly from the reticulum layer of cells ; but they are 
developed from basal cells which grow laterally from the reticulate eeUa. The 
basal cell develops usually one basidium terminally (Plate I, figs. 3, 4, 7 and 
10), but at times basidia may also be produced laterally (Plate I, figs. 6, 8, 
9 and 12). The basidium is thin walled, hyaline and club shaped with a 
globular head; it measures 13-3-26-0 gin length; the head is 6-6-10-0 g 
in width where it is broadest ; at the base the basidium measures 3 - 3-6 -6 g. 
Prom the basidium are developed four sterigmata ; they are pointed at the 
apex and broad at the base ; they are usually short, but at times they ma,y 
be elongated ; they are then very narrow in width. They are 2-5-6-6(iin 
length and 0-83-2- 5 -jjt, in width at the base. 

The basidia stain very deeply so also the basidiospores but the sterigmata 
stain very faintly. The basidiospores are oval iii shape, pointed at the base 
and rounded at the apex (Plate I, fig. 13) ; one side is occasionally slightly 
flattened. They measure 6-0-13-8 x 2-5-7-0 ji, generally 8-3-10-3 X 
3-3-6-0 -i. 

Detailed observations on the cytology of the fungus have not been carried 
out because of the fresh material not being available in sufficient quantity. 

The long hyphse attached to the substratum have uninuclear cells; the 
ceUs forming the broad reticulum layer are binuclear ; the nuclei are in pairs ; 
at times two pairs of nuclei have been observed in some of these small, broad 
cells ; the basal ceUs arising lateraUy from this reticulum layer are also 
binuclear (Plate I, figs. 7, 8 and 12) ; the very young basidium, the one which 
is being formed from the basal ceUs is also binuclear (Plate I, fig. 7) ; at a 
later stage the basidium which has still not developed the sterigmata is 
uninuclear the nucleus being larger than the nuclei in the basal cells and in 
the ceUs of the reticulum layer (Plate I, figs. 8, 9 and 10). As the basidium 
begins to form smaU protuberances on its head, which are the beginnings of 
the sterigmata, the single nucleus divides and forms four smaU nuclei (Plate I, 
figs. 11 and 12). In the basidium which had developed mature spores the ceU 
contents are vacuolated ; the nucleus has not been seen in such a basidium. 
The basidiospores are uninucleate (Plate I, fig. 13). 

Taxonosiy 

According to the classification of Clements and Shear [1931] the fungus 
under study is a Corticium, as cystidia are lacking, spores are hyaline, pileus 
consists of one layer and is resupinate. 
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Plate I 



i, 2, Mycelium of fungus drawn from a transverse section of a citrus bark 
(X450) ; 3,4. Terminal basidia with sterigmata and basidiospores (x450) ; 
f5. Head of basidium seen from above (x450) ; 6, Lateral basidium (x450) ; 
7. Young basidium with its basal cell ; both are binucleate (x675) ; 8 . Basi- 
dium with a single fused nucleus borne on a binucleate basal cell arising 
from a short broad binucleate cell (x675) ; 9, Terminal and lateral basidia 
(X675) ; 10. Terminal basidium with one nucleus formed by the fusion of 
two nuclei (x675) ; 11,12. Basidia with immature sterigmata and four 
nuclei (X675); IS. Basidiospore (x450) 
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Two species of CoHicium, viz. G. holeroga (Cke.) v. Hohn and C. sai- 
monicolor B. and Br., have been reported to occur on Citrus. In India the 
former has been known to do much damage to coffee, Ooffea arabica, and is the 
cause of the weU-known ‘ koleroga’ disease of coffee, but has hot been so far 
known to occur on any species of Citrus. The other, C. salmmicolor, is known 
throughout the tropics, including India, as the pink disease of Citrus, and also 
attacks many other woody plants. 

G. ioZerog'a attacks leaves, twigs and large limbs and fruits of Citrus ia 
Florida. This fungus, according to Wolf and Bach [1927], produces brown 
rhizomorphs which ‘can be readily traced from the sporophores backward 
along the petioles to the twigs and thence to the older wood On twigs and 
wood brown-coloured sclerotia are developed. The basidia arise as termina- 
tions of short, lateral branches. They measure 10- 0-12 *0 X 7*0-8*0 jiand 
have four, rarely six, sterigmata ; the basidiospores are hyaline, flattened 
on the opposed faces, round above and tapered below ; they measure 9*0- 
13*0 X 3 *5-6*0 g with 10*6 x 4*5 pi as the most common size. According 
to Narasimhan [1933] the basidia on the coffee host measure 8 * 5-12*0 pi in 
diameter and the basidiospores 9 • 1 X 3*4 pi ; the length of the sterigmata is 
inconsistent, varying from 5*0 to 11*5 pi, ; the basidiospores are slightly flat- 
tened on one side, rounded at one end and somewhat pointed at the other. 

The pink disease, as the name indicates, forms a salmon pink-coloured 
fungus growth on the host plant ; the basidiospores measure 9*0-12*0 x 6*0- 
8*0 u. 

Both these species of Corticium form sclerotia. 

The Corticium under study is therefore evidently different from the two 
species known to occur on Citrus. The difference lies in the hymenium being 
white (whereas the hymenium of C. holeroga and of G. salmcmicolor is coloured), 
in the basidia being much larger, and the basidiospores smaller than those of the 
other two Coriicmas, and in the absence of sclerotia. 

If the key to the species of Corticium given by Burt [1926] is to be followed, 
then our species would belong to the same group as G. bombycinum (Sommerf.) 
Bresadola, G. sociatum Burt and C. conflueus Fries. The characters of this 
group are : — -Substance not appreciably coloured, gloeocystidia absent, 
hymenium white or whitish when growing, spores not globose but more 
elongated, large and more than 6 pi long. 

Our species is clearly distinct from these three species. 

C. bombycinum is in section 200-1,000 p thick ; the hyphse are subereot, 
loosely interwoven and thick walled. 

0. sociatum has small fructifications, 2-10 mm. long and 1-3 mm. wide ; 
hyphse are loosely interwoven near the substratum ; a few embedded spores 
are present. 

C. confiuens has rather thick and waxy-membranaceous fructifications, 
2-8 cm. long and 1-3 cm. wide ; the fructifications are composed of ascending 
densely interwoven and agglutinate hyphse. 

Herbarium specimens and microscope preparations of the Corticium on 
the bark of an orange tree were sent to Dr Fawcett, Professor of Plant Patho- 
logy, University of California, for favour of examination and opinion. Dr 
Fawcett very kindly examiaed them and sent them to Dr J. N. Couch of tiie 
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University of North Carolina as the fungus ‘ was something with which he was 
not at all familiar Some more microscope preparations were sent to Dr 
Couch who very kindly took the trouble of examining them and reported,' I 
have examined the mycelium, basidia and spores and think they considerably 

resemble Corticium Several species 

of Corticium, for example 0. koleroga, C. stemnsii, and 0. vagum, have been 

reported as parasites on the leaves and stems of higher plants 

Furthermore, your species, though apparently related to the above-mentioned 
ones, seems to be distinct. I should like to see a piece of the dried specimen, 
since it is impossible to pass Judgment on material preserved in formalin. 
However jfrom the information I can gather, it seems to me that you would be 
safe in describing the fungus as a new species of Corticium 
I therefore propose the name Corticium album n. sp. 

Fructifications up to about 30 cm. long and about 10 cm. wide, smooth, 
shining, white, thin, resupinate and adnate, margin feathery ; in section 70- 
300 {i thick, composed of hyaline, little branched, thin-walled, sparingly 
septate parallel hyph», about 3 jx in diameter, compact, running longitudinally 
over the substratum and not twisted, giving rise to a broad layer of thin- 
waUed, loosely interwoven, branching, hyaline hyphm with broad, short cells - 
from this reticulum layer arise lateraUy thin-walled, hyahne, cylindrical, basal 
cells lO- 0-16- 6 (i long and 3-3-6 -efi broad, from the basal cells basidia are 
developed termmally and also at times laterally hyaline, thin-walled, olavate 
13-3-26-0 a long and 6-6-10-0 g wide at the head; sterigmata four, short! 
nyaJme, broad at the base and tapering at the apex, 2-6-5 x 0-8-2 -5 u - 
bamdiospores hyaline, oval, rounded at the apex, pointed at the base, one side 
at tmes flat, 8-3-10-3 x 3-3-5-Og; no gloeocystidia ; hyphse not incrusted. 

Un bark of living stems of 

1 - I’awcett and Dr J. N. Couch for verv 

kindly exammmg the material sent to them. ^ 

Summary 

A new species of Corticium growing on the trunk of orange trees, Citrus 
aurantium, is described. The fungus forms a white film on the bark from the 
^ound level up to a height of about 30 cm. ; thefihn is about 10 cm. broad. 
Ihe growth is superficial ; it is not known to cause any damage to the tree. 
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RESEARCH NOTES 

DELAYED GEEMINATION IN SE8AME, SESAMUM 

INDICUM 


R. H. RICHHARIA 

AND 

D.R.DHODAPKAR 

Oikeeds Besearch Laboratory, Nagpur, Oentrca Provinces 

(Received for publication on 13 September 1939) 

(With one text-j&gnre) 

TN^the oomse of our investigations on sesame selections, a great variation in 

the penod of seed germmation has been frequently observed in this labo- 
ratory. Themormal period of germination in these isolations does not, as 
a rule, exce^ fom to five days, although some of them sprout in less than 
two days. But the remarkable feature of a particular type observed is its 
delayed germmation. The seeds did not germinate even after putting them 
on a moist blottmg paper for over seven months. They appear quite healthy 
with very rough, black and constricted seed-coat. When the black coat of 
su^ a seed IS removed and the embryo is placed on a moist blotting paper 
m Petri dish it becomes green, showing thereby its viability and proving that 
the seed-coat is chiefly responsible for the delayed germination. 

The phenomenon of delayed germination has been studied in several 
groups of plants by yanous workers. They have established that there can 
be various causes bringing about this phenomenon, viz. genetical, phvsiolo- 
gical, mo^hological or environmental. In this connexion Crocker’s recent 
paper [ 1938 ] may be consulted. 

In the present case the cause of the delayed germination is the structure 
of the seed-coat. In the normal seed the coat consists of one or two layers 
ot cells which are more or less rounded and loosely arranged, followed bv a 
non-cellular membraneous layer. 

In the c^e of seeds with delayed germination, on the other hand, the cells 
are elongated, arranged lengthwise (Mg. I L) and packed closely towards one 
side which makes the seed-coat unusually thick. Within these cells two 
regions can be distinctly marked, the outer (hyaline region. Mg. 1 D) and the 
inner (with striations. Mg. I E) On the outer surface of the cells, there 
exists a thick coating of some impervious substance (Fig. i A, B) which 
presumably obstructs the intake of water and oxygen. In the case of the 
normal seed, the loose arrangement of the cells and the absence of the imper- 
vious substance evidently aflow the free passage of water and oxygen. 

( 93 ) 
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Fia. 1. T. S. of sesame seed showing delayed gennination ( x 433) 

A —Surface coating on the seed-coat 
B = Impervious layer 

C —Canal leading from outer surface to the endosperm 
D —Hyaline part 
E— Striation 

G =Non-cellular layer inbetween the coat and the endosperm 
I = Inter-cellular space 
L — Elongated cell 

An interesting feature in the structure of the seed-coat with delayed 
germination is that at places the impervious substance, referred to above, 
surrounding the seed-coat, penetrates through the inter-cellular space, thus 
forming a sort of canal {Fig, 1 C). At other places it stops half-way, as there 
is not enough continuous space leading to the endosperm (Fig, 1 1). The signi- 
ficance of this structure is not definitely known but presumably it has some 
connexion with the germination of the seed. When the seed finds a favour- 
able environment, the substance in the canal must be subjected to gradual 
decay, thus making way for water and oxygen to enter. It may then 
bring about the germination of the seed, though the time taken may 
vary in individual cases, ensuring the distribution of this variety of sesamum 
over a number of seasons. This type of sesamum was commonly found at 
Dindori (Mandla district of the Central Provinces) in November 1938. Seeds 
were collected from some stray plants growing on the bunds of the fields at 
the Government Seed Farm, Dindori, and from the cultivators" fields. Such 


EllSEAECS NOl'ES 


^ 1 


M 


plants are not harvested and they are regarded as wild sesamnms by the in- 
habitants. Locally they are known SbS bamli tilli meaning wild sesaimim. 
The seeds obtained are black with rough surface and with constrictions and 
exhibit delayed germination. Transverse sections also exhibit the seed-coat 
structures described above. 

Such seeds are of no use to the farmer. Their presence in the cultivated 
area where the sesamums are grown is highly objectionable, as their sponta- 
neous appearance in the pure strains will spoil the purity of the crop. While 
in the economy of nature these may be serving a useful purpose, they cause 
a distinct loss to th% growers. 
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FHYLLAOTimA OaCVRRlNG ON ALMOND (PRVNVS AMYQDALV8) 

Fhyllactinia Sahnonii Blumer, reported as occurring on Pauhwnia irnmnalis 
in Japan. A brief description of the fungus is given below ^ 

HypophyUus, very jarely eanlogenus, mycelium cobwebby evanescent 
or persistent, thin and effused ; forming whitish spots or coatings on the under 
surface of almond leaves. Perithecia usually scattered, rarely gregarious 
large, lenticular ; when ripe 200-360 microns in diameter, orange yellow when 
young, dark brown at maturity ; cells of the perithecial wall obscme, more or 
less polygonal, 13-24 microns wide ; true appendages 6-12, equatorial, rigid, 
straight, aseptate, hyaline, acicular, 220-350 microns long, with bulbous base 
about 40 microns wide ; asci indefinite, subcyKndrical to ovate-oblong, Average 
120 X 32 40 microns, slightly pedicellate ; ascospores two, variable in size, 
average 56 x 28 microns ; conidiophores 240-300 microns long, 8-12 microns 
thick, hyaline, septate ; conidia unicellular, clavate, average 76-x 10-24 
microns. 
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NOTIFICATION No. F.-46-20/38-A., DATED THE 6TH 
OF DEGEMBEE 1939, ISSUED BY THE GOVERN- 
MENT OF INDIA, IN THE DEPARTMENT OF 
EDUCATION, HEALTH AND lANDS 

I N exercise of the powers conferred by siib-section (1) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), the Central Govern- 
ment is pleased to direct that the following further amendments shall be 
made in the Order published with the notification of the Government of India 
in the Department of Education, Health and Lands, No. E. 320-35-A, dated 
the 20th July 1936, namely : — 

I. In rule 12 of the said Order, after the woids ' produced in India 
the words ‘ or in Burma ’ shall be inserted. 

II. In the Schedules annexed to the said Order 
(1) for the Fourth Schedule the following Schedule shall be substi- 
tuted, namely : — 

Fourth Schedule (paragraph 12) 

Certificate of origin for coffee beans or seeds 


Name of 

Name of 

Gross 

i 

Number of 

- - 1 

Mark of eacli 

consignor 

consignee 

weight 

packages 

: package ■ , 





* 



Certified that the above consignment consists of raw coffee beans or seeds 
produced in India/Burma. 

Signature of certifying authority. 

No. of Railway R eceipt or 
No. of BiU of Lading. 

Signature of Consignor. 

(2) in the list of certifying authorities in the Fifth Schedule, after 
entry {v) the following entry shah b© inserted, namely : — 
{vi) Customs Collector under the Government of Burma.^ 

(Sd.) J. D. TYSON, 


HOraS 


• m: 

NOTIFICATION No. F.-50-33/39-A., DATED THE 7TH 
OF DECEMBER 1939, ISSUED BY THE GOVERNMENT 
OF INDIA, IN THE DEPARTMENT OF EDUCATION 
HEALTH AND LANDS 

In exercise of the powers conferred by sub-section (1) of section 3 of the 
Destructive Insects and Pests Act, 1914 (II of 1914), the Central Government 
18 pleased to direct that the following further amendments shall be made, in 
the Order published with the notification of the Government of India in the 
Department of Education, Health and Lands, No. E. 320/35-A, dated the 20th 
July, 1936, namely 

In the said Order— 

1. in paragraph 4 for the words ‘ potatoes and sugarcane ’ the words 

‘ potatoes, sugarcane and unmanufactured tobacco, either raw 
or cured,’ shall be substituted, 

2. paragraph 8 shall be renumbered as paragraph 8A, and after that 

paragraph as so renumbered the following paragraph shall be 
inserted, namely : — 

8B. Unmanufactured tobacco, either raw or cured, shall not be 
imported into British India, unless, in addition to the general 
certificate required under Eule 5, it is accompanied by an 

official certificate, that it is free from or that 

the pest does not exist in the country of origin.’ 


(Sd.) J. D. TYSON, 

Joint Secretary 
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Plant hormones and their practical importance in horticulture. Bv H, ! .. 
Pearse. {Technical Commumcation 12 of the Im 2 )enal Bureaa of 
HorlicuUure ani PlantiUon Crops, E.ist Mailing, Kent, Kngbind) 

1939, pp,88, bibl. 248. Pneo Zs, U, 

I NVESTIGATION of plant hormones and of their nature and jn’oportic.s still 
proceeds. Many of them have been isolated and chemically (loterniiticd. 
Many now can be made synthetically, and thus made they are no less cdh c- 
tive in stimulating growth. The history of this work has been tfdd by Boyseii- 
Jensen, Went and Thimann, Schlenker and others. 

But whereas the academic botanist is primarily interested in how the 
plant grows, the practising horticulturist wants to know how he can increase 
or influence the growth made, and it is to him that the present memorandum 
should appeal most strongly. 

Admittedly in the last few years articles on the propagation of particular 
plants from cuttings with the help of growth stimulants have been legion, but 
the man who spends most of his time tending plants has little o|)portunity to 
search the libraries and he will, therefore, be grateful to Dr Pc.^arse for the 
tables in which nearly 1,000 instances are recorded of attempts inaile t>y 
different persons with varying success to root cuttings of plants of different 
plant species and variety with the help of named synthetic plant hormones* 
So far as is possible, the period and date of treatment, strength of solution, 
rooting medium, type of cutting, number of cuttings treated and number 
rooted are stated in each case. 

In addition, he will find a clear account of the actual factors which affect 
root formation in cuttings, a review of published work on the practical use of 
synthetic plant hormones and notes on the practical methods found most* 
useful by the author. 

Unable to tear himself away from the fascinating subject, l^e will procctHl 
with Dr Pearse to a consideration of the mechanism involved in induced root 
formation and note how increased efficiency of treatment may sometimes bo 
realized by the use of such substances as vitamin Bj , carbohydrates, potassium 
permanganate, amino-acids, theelin and others. 

He will learn of the surprising effects on plant growth brouglit to light 
by the curious scientist. Thus, hormone treatment definitely affects the 
germination of old or damaged seed, the growth of plants following treatment 
of seed, of the plants themselves or of their culture medium ; it also influences 
parthenocarpic development, fruit bud growth, fruit storage, framework con- 
trol and rate of rooting in transplanted trees. Each one of these offers an 
interesting field of research. 

And if he is still greedy for more, the comprehensive list of references 
shows him the way. 


ORIGINAL ARTICLES 


Tm TOIT®. fS'Sn 

Br 

M AFZAL HUSAIN, M.A. (Cantab), I.A.S. 
Vice-Chancdlor, University of the Punjab, Lahore 
and 

K.N. TREHAN 

Agrieulturrd Oollege, Tjyall^^^ 

(Received for publication on 25 September li>39) 

— , _ ^®NESIS OB’ THE SCHEME 

Twas reported as a ^Sourp^f 

that it caUed for special attLion Klt^^^9l8 f — 

deputed for this investigation. In S iJoc/fu® assistant was 

Committee sanctioned a senior seholS; hr 4 Cotton 

expendiur? o?S wrs'furS^’^'^'^f 'f ® 

and the total expenditure for these two years waJ 
extension was given for writing up the residts -it a el f V ^ further 

A supplementary scheme for sn^rJivlt? ^’^29. 

(1933-34) at a cost of Bs. 11 *>50 ^Tn^+b^ sanctioned for one year 

trials s^eme was sanctioned’ at a cost of Rs^l^sls^^ Tb^^ spraying 

Cotton Committee have also sanctioned a sum of Rs 4 ' 1 on Central 

mgs during a bad white-fly year. ® “ oi J-ts. 4, 100 to undertake spray- 

Publications 

folloS;Z* “iiot !■«•. bee„ published fa the 

'■ of 

Vol. XXV, Part VI, pp. 306-25 
2. Afzal Husain, M. and Trehan, K N logg ' rib 

life-history, Bionomics and Conteol of 

. {Mewi/hsid dossijm'nefdd ilL and! T 'i ’ • t r ^ Cotton 

siie^, Lfiit v; ppr^ots” 
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3. Afzal Husain, M., Trehan, K. N. and Verma, P.M., 1936. — ‘ Studies 

on Bemisia gossypiperdu M. and L. No. 3, Seasonal Activities of 
Bemisia gossypiperda M. and L. (the White-flj of CJotton) in the 
Punjab ’ ;—TAe Indian Journal of AgricuH'urnl Science, Vol. VI, 
Part IV, pp. 893-903 

4. Afzal Husain, M., Puri, A. N., and Trehan, K. N., 1 936. (Jell 

Sap Acidity and the Incidence of White-fly ( Bemisia gossypiperda 
M. and L.) on Cottons ’ -—Current Science, Vol. IV, Part VI I, 
pp. 486-7. 

5. Afzal Husain, M., Trehan, K. N., and Venna, P. M., 1939.- Mcono- 

mics of Field Scale Spraying against the White -fly of Cotton 

and L.) in the Punjab ’ 

Indian Journal of Agricultural Science, Vol. PX, hut I nn 
109-26. 

The following papers have recently been submitted for publication : — 

1. Nature and Extent of Damage caused by White-fly of Cotton. 

2. Further Observations on the Bionomics of the White-fly of Cotton. 

In view of the fact that a great deal of naaterial obtained has already 

been printed and the rest is ready for publication, only a brief suniTiuiry giving 
the main results is being presented. ' • - 

BEIKy SUMMARY OF THE EE.SUMS Olf JNVE.STMATION 

During the five years that the scheme has run, a thorough .study of the 
external characters, life-history and bionomics of the white-fly of cotton ha.s 
been made, its seasonal activities have been studied and the nature and t'xtent 
of damage done by it to the cotton crop has been asisesred. In addition 
insecticidal method of control has been worked out on a field scale. Incidtmt- 
ally our work has also established that the while-fly i.s not the main far^tor in 
causing ‘ cotton failure ’ in the Punjab. 

Distribution 

An intenstee study of the distribution of Bemisia gossgpipcrda has been 
earned out. This insect is widely distributed in the Punbib and has been 
recorded, from cottons or other alternative food plants, from almost all the dis- 
tricts of the province up to a height of 4,900 ft. above sea level. The severest 
of attack IS however, confined to Lyaflpur, Jhang, Shahpur (Sargodha), 
Mdtan and Montgomery districts, the so-eaUed ‘ canal colony tract® \ This 
white-fly probah y occurs m other parts of India also but exact information 
on this point is lacking In Sudan and certain parts of Africa it is known 
chiefly as a vector of the ‘ leaf-crinkle ’ di.sease of cotton and tobacco. 

Description of various stages 
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WHITE -FLY OF COTTON IN THE PUNJAB 


instaf^™'^^ iiwtor.— Shape and colour identical with nymph of 2nd 

in number convex, deep yellow. Spines on the back variable 

,•« of white wings. Eyes constricted 

in the mid^e. Hind legs longer than others. [In the male abdomen beUy ’] 

tapers posteriorly,] \ r ) 


Behaviour of adults 

(a) Attraction of adults to coloured lights, — ^According to Lloyd adults of 
A, vaporariorum are attracted to yellow-coloured light. A similar study was 
carried out with B, gossypiperda and it was found that they showed the great- 
est attraction for yellow-green coloured light and next highest for yellow, the 
least number of them was attracted to bright red, orange red, dark green and 
purple coloured lights. 

(b) Range of flight, — B, gossypiperda feeds on a large number of plants, 
it is, therefore, difficult to study its range of flight unless the locality in which 
such observations are made is free from this pest. Observations, however, were 
made to determine the height which this pest attains during flight. The 
insect has been found at a height of 40 feet above ground level but as it is 
carried away long distances by wind, it is not improbable that it may be 
found at heights greater than that recorded by us. 



Life-history 

Bemisia gossypiperda produces about 12 broods in a year but the genera- 
tions overlap, and, therefore, all stages of the pest are met with throughout 
the year. It breeds practically all the year round, often parthenogenetically, 
the unfertilized eggs producing only males. Eggs are laid singly on the leaves 
and each is inserted in the tissue by a short stalk. In confinement they may 
also be laid on the stumps of defoliated seedlings. In this case the nymphs 
die off shortly after hatching. Laboratory observations show that the top and 
middle leaves are preferred for oviposition, for 51-5 per cent and 46^7 per 
cent respectively of the eggs were laid on them, while 1*8 per cent only were 
laid on the lower leaves. Much the same kind of behaviour is also noticed 
in the field. It has also been observed that in nature eggs are laid invariably 
on the lower side of a leaf. 

A single female may lay, on an average, 28 to 43 eggs during its oviposi- 
tion period, which may last from 2 to 18 days : she lays six to eight eggs 
in 24 hours. Temperatures between 33 and are the most suitable for 
oviposition, no eggs were laid at lO'^C. 

The incubation period varies from 3 to 33 days depending upon the tem- 
perature. During the season of the growth of cotton plants, i.e. April to Sep- 
tember, eggs hatch in three to five days, during October to November in 5-17 
days and during February to March in 7 to 16 days. In December and January 
the incubation period may be as long as 33 days. 
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The insect has three nymphal and a pupal instar. The duration of the 
three nymphal instars varies from 8 to 14 days from April to the end of Septem- 
ber but from October onwards this period is considerably prolonged and ranges 
from 17 to 73 days. Unlike the Citrus Ahurodidm the pupal stage of Bemisia 
gos^piperda is very short and occupies only two to eight days. ' "The adults, 
which emerge, as a rule, during the day time, do not live very long in summer 
and in captivity their life lasted two to five days. During November, how- 
ever, some adults lived up to 24 days. A cornplete life-cycle from egg to 
adult may occupy from 14 to 107 days. During April-September it occupied 
only 14 to 21 days. The shortest life-cycles were observed during August. 

■ From October onward the life-cycle is much prolonged and in one case during 
these investigations it extended up to 97 days between November-h’ebruary. 

Food planU and seasonal history 

Bemisia gossypiperda is polyphagous and a list of its ho,st plants in the 
Punjab includes no less than 44 species, both cultivated and wild, kdonging 
to about 13 families. Irrespective of any preference for any of its food plants 
the density of white-fly population on a particular host is influenced to a large 
e:rtent by its proximity to the cotton fields infested by it, protection from 
wind, adequate humidity and, what is probably mo.st important of all, radical 
changes in the composition of cell-sap of the leaves of the plant at different 
priods of growth indicating the physiological state of the host. At times 
however, the intensity of infestation on certain of the host plants increase.^ 
sporadically. 

In general the white-fly undergo^ three phases of migration during the 
course of a year : ® 

1. During November when the cotton crop is maturing and the leaves are 
drying up and shedding, the white-fly population falls In this pknt and 
such alternative host plants as rape {Bmssica napus), 

amoL idtivSpT^ ’ (Solamim tuherosum), 

among the cultivated plants md Sonchys spp.. Euphorbia sp. and ConoulvulL 

“imbTofld^t ^r'”-^ ^‘^^‘^“ber onwards 

rt! considerably, but the immature stages remain on 

*be winter. The adults commence ernerg- 
^ from about the end of January and multiply once again on the wintfr 
host plants already named above. on int vinui 

end of March the -white-fly migrates to its sjiring hosts, namely 
Cucumis melo, Citndhs mlgans, Gucumis satims, Laqenaria vulaaris of,’ 

rapid „.dtipKcatIo„ ««, place. From Apri SS iaScStol ' 
Mco,^ tabamm H,b^ eaoOmdnt and AUhm w,ea are also severely infesl^ 

3. The white-fly makes its appearance on the new cottons I'nvKr Ai..,, 
low as compared to the other host plants. From June, however pSS S 
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after wMch the infestation, as a rule, declines abruptly. To determine th. 
status of various host plants as the true food-nlants nf R ^ 1 

senes of cross-inoculations was carried out. It was fLnd that^tSf^’ + 
IS not so unorthodox as to feed on all and sunjy St Fnn et 

repeated attempts were made unsuccessfully to breed iVon (4 , 
Sorghun^). Further, it has been observed 

Comparative infestation of different varieties of cotton 

It has been stated commonly that the incidence of white-fly attack is 

]p?vS varieties (Punjab-American) than on the narrow- 

varletielTsq P S'l' F f nymphs and eggs taken on four 

varieties, 289-F and 4-P, representmg the Punjab-Americans, and mollisoni 

and sangmneum, representing the desi varieties, was taken from 1931 to 1933 

he results indicate that the insect shows no selective preference in infesting 

liaWe to be attacked atoiost equally severely^ 
The Desi varieties, in general, are comparatively more infested during t]^ 
growing period, i e. till about the end of August, afte^wSci the fttSk 
increases on the American vaneties. The attack may increase once again on 

-^u 1^35 somo ncw selections of the American types were 

compared with molhsom, 4-F and 289-F. During the growing period the white- 

ftuiSS n ST ^ Sas dX 

fruiting penod^it increased^ on the American types. While determining the 
cause of this change-over of infestation, it was noticed that the incidence of 
attack corresponded with the trend of the mH curve indicating narHaK+^r 
towards higher values.^_ The infestation, however, was not affected £meS 
tely but after some time, because the nymphs, being fixed on the leaves 

Tthe^' tS: Wn"^ - "h can b" ap^recTS 

tb^P blam’p of considerable importance in absolving th^ pest of 

Incidence of white-fly attach in relation to amount of water applied 

The type which received the largest number of irrigations and conse- 

fiTtfSk^^n averagl the lowest white- 

J+?! ?■ received restricted irrigations 

tofested minimum supply of water, were comparatively severely 

Infl^ience of date of sowing and of manures on the incidence of white-fly attach 

The incidence of attack on the early-sown crop was found to be compara- 
tively higher to September after which it was practicaUy uniform on all 
the ^wings There is not much difference between the cottm sown between 

escapes the attack of the 
pest The mtensity of attack was slightly lower on manured plants but plants 
treated with ammomum sulphate or super phosphate early in the season We 


106 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


[X 


or July) at the rate of 1*5 maunds per acre showed comparatively less attack* 
It was also observed that the relative infestation was significant ly lower in 
the plots treated early with nitrogenous manures both in rich and pcxa* 
soils. On the other hand, early manuring in poor soils and iale miumrini: in 
rich soils yielded better out-turns. 

Climatic conditions and condition of the host plant and irhUo-fljf affack 

A correlation between the wTiite-fly population and th(‘ inci(*oro!{»gical 
condition of a locality points to the conclusion that flu? attack is hjglH'sf in 
areas (canal colony tracts) of high temperature and scanty rainfaJL On the 
other hand, the attack is lowest in the south-east and the north-H(\st ibmjab 
where rainfall is high or the climate is rather temperate. 

Some experiments were also performed to study the condit ion (d‘ tlu‘ host 
plant, as influenced by changes in the soil, in relation to its infestation by tlnj 
white-fly. Although very definite conclusions are not possible, the evidenci* 
available seems to show that white-fly attack was relatively low on plants 
grown in soils of slightly lower pH value (6* 64 brought about by additkm 
ferrous sulphate) as compared to those grown on more alkaline soils (S’o5 ; tre^a t 
ment with sodium carbonate). The vegetative growth of tin? plants ma v 
indirectly affect infestation. With ferrous sulphate treatnamt, bow<‘ver, the 
attack was comparatively lower although the plants were below !iorma! in ihiar 
vegetative growth. Further, the highest number of bolls and ,rcdati\'e!y Inu 
shedding w^ere noticed on the plants treated with anunonium sulpbate or 
sodium nitrate. The least alkaline soils gave very poor yields in spite* of Ichv 
attack of the white-fly, but the highly alkaline soil also gave a poor yield with 
a correspondingly higher infestation. 

Although there seems some possibility of |)reven1ing nn atbaek of sucking 
insects through soil treatment, the full possibilitif^s of controlling this pest by 
this method remain unexplored. 

Nature and extent of dantaf/e 

Unlike most sucking insects, Aleurodidm do not prodiu*<> nuy visible 
injury, such as spotting, crinkling or any other d(‘formafion on tiwir host 
plants. Bemisia gossypiperda has been regarded as the vectea* of k^aferinkie 
ofcotton in Sudan and a probable transmitter of leaf-eurl in Zinnia at IkAirii 
Dun and of tobacco at Pusa. In the Punjab up to the f)res(mt lime i 1h‘ whiU^- 
fly infestation of cotton is not associated with leaf-crinkle of any type^ w'hetlier 
caused by a virus or any other toxic agency. Indeed, leaf-curl or leaf- 
crinkle of cotton as a virus disease has not so for been discovered in these 
parts. Nor is there any evidence that the white-fly of cotton is in nuv 
way associated with the recently discovered ^ smalling ’ disease^, of (*otton 
the Punjab. 

The obvious results of white-fly attack are : (1) drain of 11 k* plant juicaN 
which results in lowering the vitality of the plants, (2) development of a black 
fungus on the honey-dew which is exuded by the nymphs and pup® and drops 

down to the lower lea^ves, thereby interfering with the photosvnthetic activi- 
ties of the plant. 


WHITE-PLY OP COTTON IN THE PUNJAB jq, 

"“sSw ^rJcttiSr::? S„stf 

has shown that the infestation of a plant by the white-fly is ItriiS^i ^n'Tfl 
Its stages, VIZ the growth period, the time of flower and boll formation aS S 

in the later part of the growing period— the flowering stage, when imnortant 
changes and adjustments in the vital nutrients are going on in the tis^swrf 
the plants and maldng it most susceptible to injury 

, period of severe infestation the vegetative growth is checked 

and in most senous cases may almost be stopped. Boll formation becomes 

intensity of attack ; whereas the shedding and 
bad opening remain in direct proportion. The bolls produced by the un- 
mfested plants were well-developed and yielded a maximum weight ^of hapas 
JJie severity of infestation, particularly when it appears late & the oroS 
season lowere the yield of lint and in all respects affects the plants adversely.^ 
1 c -f^n^ analysis of the above conditions has shown that infested plants are 
Sto percentage with a corresponding increa^se in dry 

atteu Attacked plants also carry a higher carbon-nitrogen ratio, a condh 
|on which has been shown to retard both vegetative and reproductive growth 
Lxperiments performed in 1932, 1934 and 1935 definitely indicated thlt a 

3 thrnhif bu??^ the white-fly not only decreases the dry weight 

leads to slightly greater shedding of leaves, floral buds 
floweis, etc. Jt was also determined that the maximum loss in the dry weight 

October August-September Bronx 

orgMs ’ the loss is manifested in the weight of the reproductive 

nKntrof whi?f cent more ash was produced by the healthy 

bolk ^ estimated to have been transported to the 

healttf ^nt ^ Sb-f uT f 7"^®, comparatively higher in the fohage of 
healthy plants, whxl^e that of carbohydrates was relatively higher in the foliage 
of infested plants throughout the season. muage 

Analysis of healthy and infested plants in 1932 showed that (1) nitrogen 
lehage of the uninfested cotton plants till the middle of August 

h ?he7 rSif Ss of f]"'' f considerfbly 

highei in the bolls of the umnfested plants, (2) healthy plants, on the whole 

produce more total nitrogen than the infested ones in which the transport of 

nitrogen, ash and fat from the vegetative to the reproductive organs is nfarked- 

a.ndplotetw^o“ “ -lisloaation h. th. carbohydrate 


Control 


Predators and ^rasites.—TYxe third instar nymphs and pupse of Benisia 
gossypiperda have been found parasitized by Ohalcid parasitL which d^S 
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their eggs within the body of their hosts, the parasites completing their life- 
cycle in six to seven days in August. Larvae of a lacewing fly {Chrysopa sp.) 
and of a Coccinellid beetle {Brumus) have been observed feeding on the adulte 
of the cotton white-fly and observations also showed that the number of 
adults killed by an individual grub of Brumus or Chrysopa sp. far exceeds that 
which is actually required for its feeding. These enemies, however, do not 
afford any satisfactory control. 

Cultural methods— The cultural practices, such as altering the dates of 
sowing and the amount of water applied, do not hold out much promise of 
materially reducing infestation by this insect. Glean cultivation and safe 
disposal of alternative hosts in the cotton off-season will, however, to a certain 
extent reduce the extent of white-fly attack. Proper manuring at the right 
time may help the plants to recover from the damage caused by the white-fly. 

Spraying. — Small-scale spraying experiments were conducted against 
this pest during the years 1929-1932. Results of single and double sprayings 
were compared. Double sprayings once in July and again in August proved 
very effective. A single spraying in September or double spraying with the 
2nd treatment falling during that month resulted in a relatively much lower 
increase than even in case of a single spraying in July or August, ijate spray- 
ing in September causes additional flower and boll shedding and ultimately 
affects the yield adversely. Since these spraying operations gave encouraging 
results, it was felt necessary to estimate the efficacy and economics of this 
method of control on a field scale. This was made possible by a grant of the 
Indian Central Cotton Committee for spraying trials during 1933. 

Extensive spraying operations were conducted from the 10th July to 3i.st 
August on the British Cotton Growing Association Earm, Khanewai, and at 
the MOitary Farms, Okara. These spraying trials were repeated during 1934 
to confirm the previous results and to improve the technique of spraying. 
Both desi and American cottons were treated in 1934, when the operations 
were extended to Sargodha as well. Most of the area under the.se field trials 
was sprayed with rosin compound but a number of other insecticides, such as 
rosin soap, fish-oil soap, tobacco decoction, kerosene oil emulsion and lime 
sulphur, were tested on smaller scales. Rosin compound proved to be the 
most satisfactory insecticide. 

In all 1873 acres of cotton crop were sprayed during 1933 and 2(140 acres 
in 1934. Machines of the type of cart sprayer proved useful as their working 
was very easy and economical, but the Hardie sprayer with two hor-se power 
motor pump yielded very satisfactory results, both with regard to the mortu - 
lity of the pest and the cost of spraying. These cart sprayers can only be 
worked when the crop is sown in lines and has not grown very tall. To test 
the possibihties of emplo^g a sprayer which kept outside the field — an 
orchard power sprayer— with pipes laid in the field was used. It gave a kill of 
95 ■ 7 per cent ot adults and 93 • 9 per cent in nymphs and pupas — the ma.ximum 
obtained, but it was cumbersome and uneconomical. 

The maximum quantity of insecticide consumed in 1933 was 58 2 and 
43 '3 gallons per acre with Hardie and 8apom respectively : the orchard power 
sprayer consumed 68 *4 gallons per acre at Okara. 
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Xl/cl 

Ihe average time required for spraying one acre of cotton was 12 ■ 4 9 r 
minutes, depending upon the machine. ® ^ ^ 

•R« spraying with rosin compound varied on the whole from 

fnri Sapom sprayer to Re. 1-7-9 with the Hardie sprayer 

and Rs. 2-9-9 with the orchard power sprayer during 1934 Thesif^ ^ 

lower than those of 1933 by ll, per Inl, 8-1 pi" centan?!?! p S 
respective y. The cost was comparatively higher with other insSicide! 
under trial It is possible, however, to reduce the cost still further by paying 
more attention to details oonneeted with these operations. ^ P y g 

Spraying^ desi cotton during the month of July and American cotton 
during August increased the yield. The average incrkse in yield per aci by 
spmying was 0 • o to 2 * 0 mds. for American when sprayed in July and Aum^t 
and about the same for dm when sprayed in July. Spraying of desi cottons 
“ however, yielded negative results. It was found that spraying 

must be done before the flowers appear. ^ ^ ^ 
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Intboductory 


A bout the middle of March, 1939, in the experimental plots of safflower 
{Carthamus tinctorius) of the Imperial Economic Botanist at New Delhi, 
some of the flower buds presented a cliseased appearance, the chief symptom 
of which w^as an odorous juice oozing out from the apical region of tlie l)uds. 
Such buds were found to contain dirty-white maggots of a fruit, fly whiih has 
been identified as AcantMophilus helianf hi 'Rossi. This is the first record of 
this genus and species from India. 

The pest Avas very active during March, April and May and caused serious 
damage in both early and late sown varieties of safflower, the infestation being 
as high as 90 per cent. The young florets w^ere damaged by the maggots 
with the result that the buds opened partially or did not open at all. 

As the cultivation of safflower is being considerably extended in India for 
the dye obtained from its flowers and for the oil obtained from its seeds, there 
is danger of the spread of the pest which can be carried in the pupal stage 
mixed amongst the seeds from one place to another. 

Detailed observations on the biology of the pest have been taken <luring 
the last spring and summer. As the pest is new and is of considerable potential 
importance, the results of investigation so far obtained are being published, so 
that workers in other regions of India may be able to recognize t he pest if it 
occurs there. 


Distribution and host plants 

Chiefly through the courtesy of Mr. Munro, Entomologist, Department, 
of Agriculture, South Africa, we have been able to obtain the folio w^ing in- 
formation about the distribution of AcantMophilus helianthi Rossi in other 
countries : — 

The species was originally described by Rossi in 1790 and has been referred 
to in literature as Trypeta eluta by several workers [Meigen, 1826 ; Efflatoun 
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1924, etc.]. The species is recorded from the Canary Islands, the Mediterran- 
ean region, Central Europe, North Africa, Egypt, the Sudan, Erytrea, Asia 
Minor, Persia and Central Asia. The recorded host plants are T Oentatirea 
spp., Gnicm lanceolaMSy Silybum mariamim, Onopordon ill/yricvm, Anilierboa 
lippi, Lenzea conifera n.nd OartMmus tinctorim. According to Hendel [1927], 
the maggots as a rule live in the flower heads, producing galls, but they are 
also found at tinies in the stems, as in the case of Cniau-s lanceolatus. Most of 
the host plants listed above seem to be more or less weeds, with the excep- 
tion of Gaftliamus lindon'2/5 (safflower), with regard to which Hendel [1927], 
reports a record by Handlirsch of rearing the maggots from the flower head 
but does not state the locahty. 

As stated already, there is no previous record of the occurrence of A. 
helianthi from India, but probably the fly recorded attacking seeds in plants 
of safflower [.Rati Ram, 1927] in the Central Provinces was this species. 

Nature of DAMAas 

The flies were observed on wing in the field for the first time 
about the middle of March and infestation of the safflower buds by the 
maggots was evideiit a week afterwards. The maggots feed upon the essential 
organs of the florets and even bore into the thalamus. The infested bud 
begins to rot and the fluid thus produced oozes out from its apical portion and 
gives it a damp appearnace (Plate III, fig. 2). If such a bud is squeezed between 
the fingers, the fermented liquid along with one or two maggots come out of 
the tip of the bud. Furthermore, in advanced stage of attack, the florets 
become black, i>resentmg an emaciated and withered ai)pearance (Plate III, 
fig. 3.) 

Incidence of the pest in various varieties 

Out of the 34, varieties grown for experimental purposes by the Imperial 
Economic Botanist, the felted varieties (No. 11- — 15) and the varieties No. 20- 
22, 30 and 34 were attacked more than the rest, early in the season, viz., from 
the third week of March up to the end of the first week of April. AU the varie- 
ties named above are much less spiny and are late in flowering. The second 
generation of the pest which lasted during the second and third weeks of 
April v'as rather small in numbers, probably on account of the activity of the 
parasites and the predator described hereafter. In the fourth week of April 
the third generation of the fly was in evidence and the incidence increased 
rapidly in all the varieties, the degree of infestation being again higher in the 
felted and the less spiny varieties as compared to the spiny ones. A statement 
of the attack of the pest in different varieties during the season would be 
found in the appendix. 

It may be added that incidence in the wild safflower which is very spiny 
was lower than in any of the spiny cultivated varieties. However, after the 
first week of May when all the cultivated varieties had been harvested, the 
pest was found in abundance in the wild safflower, which was in flower and was 
found growing along the field drains and elsewhere in uncultivated areas. 
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Life-history and description of various stages 


The flies were observed laying eggKS in the field from sunrise till 
about noon. For oviposition the fly prefers a young bud, walks ovei' if k 
surface several times, pricks it at a number of places with its black and ratiier 
shiny ovipositor, the duration of each pricking being about 5 seconds, and 
finally selects a place where it lays the eggs. The behaviour of the female in 
the actual process of oviposition was observed to be different in several respects 
from other common fruit flies, viz., Dacm spp. During this process which 
lasts about two minutes, the female slightly bends the abdomen, its ovipositor 
in action making an obtuse angle with the surface of the bud. It is entirely 
motionless during egg-laying, appearing as if it is dead. After laying eggs, 
which may vary in number from 6 to 24 in a cluster, the female lashes its 
ovipositor up and down in the air, cleans it with its hind pair of legs before 
retracting its extended parts into its basal portion. 

The eggs are laid in punctures either on the innerside of a bract belonging 
to the innermost row of bracts of the involucre (Plate III, fig. 4), or on a mem- 
braneous calyx leaf of one of the peripheral ray florets or on the corolla of a 
ray floret. Usually one and in some cases two egg-punctures are observed on 
one bud (Plate III, fig, 2). The egg (Plate III, fig. 6) is white when freshly laid. 
It is cylindrical,elongated (M2 mm. X 0-2 mm.), truncated and drawn out at 

one pole and narrowed at the other pole which has a minute kno1>. 'riie, 
drawn-out region of the egg is hyaline. The chorion is marked all over, except 
at the truncated pole, with elongated, hexagonal areas converging towards 
the opaque knobbed end. During hatching, which takes place us’ually in the 
morning hours in the laboratory, a sHt appears at the hyaline pole 'and the 
young maggot wriggles out (Plate III, fig. 6). The young maggot begins to feed 
on the florets at once. It is 0-75 mm. X 0-2 mm., creamy-white cylindrical 
and narrow in the head region (Plate III, fig. 7). The segments' are cleailv 
marked. The cephalo-pharyngeal skeleton is slightly chitinized. The mag<rot 
at this stage is metapneustic, only the posterior pair of spiracles being present 
Each spiracle has two slits. b i * 

The full-grown maggot (Plate III, fig. 8) measures 5-0 mm. X 1 - 5 nun It 
IS hght ochraceous, cylindrical, broad in posterior region and gradually taperinv 
in the anterior and pointed at the head. The posterior end of the magvot S 
almost truncated. The head is pear-shaped, with the oral opening situated on 
the ventral side and bears (i) a pair of antennae ; each antenna being com- 
posed of apparently one joint which is minute, cylindrical and has a knob- 
J^e apex (Plate III, fig. 10, an.) ; {ii) maxillary palps : each palp is situated just 
below the corresponding antenna and has three to four papilli-form sensoria 
(Flate 111, fig. 10, TO. p.) ; (iti) the cephalo-pharyngeal skeleton, which is a highly 
chitinous stracture and extends up to the first thoracic segment (Plate III 
fig. 11). It is composed of the following ; — ’ 

(1) A pafr of oral hooks or mandibular sclerites or mandibular hooks 
which are furnished each with two strong teeth ; the apical tooth 
IS ciOTed and the pre-apical tooth, which is smaller and less 
curved, is directed downwards and somewhat backwards. 
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»■■ twice the n«rJrS“lZ 
sub-hypostomaJ selerites {s. 7i.) confeck rtZ 

oral hooks. ' ^ t^e&e scientes with the 

(3) Cephalo-pharyngeal sclerite (Cph.) which is mide n,, r ^ 
united anteriorly, the free portions r 

amphipneustie, the anterior and r,Aef»^ maocEot is 

thoracic and the last SdTs?grent"r"^^^^^^ 

ong tracheal tubes are isible S^^ 12). The 

are cup-shaped, the margin of each spiracle bein<T f • * ^ spiracles 

The posterior spiracles are aWt SS?orm lobes, 

oval shts which are notched at the peripheral end ^ possessing three elongated 

are ohitmized and fimbidated. In^each 5 thT^ int 

are one to four very minute hviS LU ^f inter-spiracular areas there 
which are clearly Ln The pseudopods, 

species of fruit flies especially of the subfamilv Tic ■ *be maggots of several 
this species. Girdles of four to eigt r^ws Snur^^^^ T “ 

apices directed backwards are found in tte inte?sc^l i l=beir 

There are fewer rows of snin^« irT +L +u “tofsegmental region of the bodv 

The maggot is not capable of , lumping, 

the maggots of other Trypetid S.ies mrtionhrhr ^characteristic of 

I^PaHongenemBTXplStrSit.ftr “““g/™!*- 

met with in the soil. The pnmrium (Phte Trf c '’’ij, teing iiroly 

1-75 mm. It is bMTd-shaiirt'Tl.S -S: 1-25 mm i? 

depression in the thomoio re^oA. W Stof'f'l”?'’- “ft. “ ‘‘ “““U 
«. reWned »d occupy the'’sam. pSorL*^"^^^^ 

its “Lre!* -an wee on 

being about 2 mm. in diameter. 'The newly '”th e** hole 

their eyes emerald-green (Plate III fiv 1 'll nn^i ® T ^'^^ber sluggish, 

markings on the apices St ^ 

active and resume their normal apneomncf. 'v ^ be flies soon become 

They are ash-coloured, hrSrSSSbSjSi^ntlnSSt'h” f 
yie male i.s smaller in size than the female (Plate ITT fio- i'’.(\ »bt bw?'''“ ^®gs- 
6-0 mm. in length. The flies are love™ nf ^ u’ • which is about 

of safflower from sunilse to sunset ^ about flower heads 

lahoSry rS; “ ^Pad in the 

and 78-5°P, respeetivety: wrS folW^ S5-2“F. 

each seven days. The adults could be kept“fiive'*whS^fed^^®®‘^*/"'^ 

and .sugar under laboratory conditions for^about ten dn 1 T 

men lived as long as five weeks. Sina tte ^^^^^ 

the middle of March up to the first week of Mav in the 

completes three generations, ^ % 
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Parasites and predators 

The follo\¥ing parasites and predators of the pest A\'ere o}).served 

1. Trofidmcoila sp. (probably a new species of the family ftynipida:!). 
The adults of the parasite were found in small mimbors in tlx; Hoiii bei ucmi 
the end of March and the second week of April. Also a lew sl»ecillK‘n^ cmciyed 
from the rearing cages hr the laboratory. The parasite difl not seem lo 

appreciably reduce the population of the pest. 

2. Ormyrvs sp. (Pam. Torymidae). The chalcidoid wa.sp was very common 
in the field and emerged in large numbers in the rearing cages in tlie la hoiu I orv' 
during the second and third weeks of April when the pe.st. u-as in ilic second 
generation. On account of parasitization by this species a significant reduction 
in the population of the pest was observed in the field and the at tack decreu.sed 
markedly as would be found in the statement of incidence of the pest in tin; 
appendix. In association with this parasite, the species Stmomuhis mmainrm 
(Linn.) (Pteromahdse) md Eurytoma sp. were also found, but tlic' ]irecise inie 
played by them has not been determined. About the same time, Ihc 
neuropterous predator, Chrysopa viryestes was also quite common in tlio liidd 
and its nymphs were found devouring the pest maggots. In the third genera- 
tion of the pest, extending from the last week of April up to the secwnnl week 
of May, the chalcidoid parasites and the predator were found occuiTing in vovy 
small numbers and the higher incidence of the pest at this time \vas probably 
due to this. 

Summary 

1. AcanthiopMlm hdianthi (Trypetid®) has been noticed for the lir.st time 
as a serious pest attacking safflower in India. This is also tin-. Ilr.st lecord of 
this genus and species from this country. 

2. The pest was active from March to May and caused serious dajnagci to 
both early and late sown varieties of safflower, in some of which the infestation 
of floral buds, was as high as 90 per cent. 

3. The fly punctures the flower bud and lays eggs on the inner side of its 
involucre. The maggots feed upon the florets and even l»or(' iniu the lhalamus. 
The florets are thus partially or completely destroyed, with the result that the 
bud does not open. Pupation takes place generally in the bud. The ilies 
emerge through small holes on the surface of the bud. The duration of va riou.s 
stages in April in the laboratory with average maximum and minimum tem- 
peratures of 85-2°F. and 78-5°F. was ; egg, 25 hours, maggot ami pujia, each, 
seven days and adult, 10 days. The fly has three generations fluring tlio 
season (March-May). 

4. Two species of hymenopterous parasites on the immature stages oi' the 
pest are recorded. 
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of 
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Serial 
r/Noeaiide 
, v,' ieatures 

'''of ■' 

tho type 

' ..of. ■ 

observa- 

tions. 

Total 
No. of 
Bower 
bods 

. examined 

■ Average 
. percent- 

- ■■/age 

'O-f 

attack ■ 

i 

1 

! 

i . ■ R,.aiig,e , of iricidenci.* aaid rifi-narks 

I; / 

7, (S. L.) 

15 

1 

■ 437 

i : 

1- 

16-4 

j o— 5(,l |}eF ccrd- ; at-tac^k iricreasoii 
after the third week of April. 

8. (j=i5f L.) 

16 

1 

464- 

i 

15*5 

1 10 — 45 per cent ; attack high np to 
j - the week and afb'r the third 

'week of April, 

9. (s. L.) 16 

655 

i 

10-5 

1 5 — 50 per cent ; at trick increased 
after the tfiird week of April. 

10. (s. L.) 1 16 

471 

10-3 

0 — 35 per cent ; attack increased 
after the third week of April. . 

'll. .(g.,L.E.). ' : . 1.6 ■ 

r 

376 1 50-0 

I0-™~70 per e{ait ; athiek liigli up to 
the ftrst week and after the third 
week of April, 

12. (s. L. ¥.) 

16 

445 1 SI -2 

! ■ 

■ 10— 70 per cent; attack high up to 
.first w'<^}ek and after il'K:* tiiinl 
w'eek of Apri,h 

.n, (s. L.P.) 

16 

669 ! lO-O i 

i : 

10 — 65 per cent ; attack high ii|) to 
tl)o first w'eek and after tiio third 
week of April. 

14. ^(s. l;f.) 

■ ^ m i 

424 1 10-4 

1 : 

1 i 

5.^45 |)e|. cent ; attack high up to the 
end of March and after the thlnl 
week of April. 

15, (s. L. F.) 

i 

■ 16 . ■■ J 

1 

490 ! 15-7 : 

6—56 per cent ; attack high up to 
the first week and after tho third 

wreck of April. 

16. (s. L.F.) 

16 

j 21*1 1 6 60 pe,r cent; attack focreasecl 

1 1 after the tliird week of Af>rii. 

17. (s. L. F.) 

16 ' 

1 

497 1 13-8 

5 — 65 per cent ; attack Iiiereascf! 
after tho third week of April. 

18. (s. L.) 

16 

319 i 17-8 

j ' 

j j 

• f . i-.: 

6—46 per cent ; attack mcrciiacd 
.after tho third week of April. 


S Big spitw's 
s ~ Small spintiH 
L Late variety 
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^SSerial ■ 
Mo. £111(1 
■featoros 


Total 
Mo. of 
flower 
buds 

examined 


Average 

percent- 

age 

of 

attack 


Mumber 


Range of incidence and remarks 


observa- 

tions 


increased 

me third week of April. 


—65 per cent 
the first an I 
week of April. 


attack high up to 
after the second 


' — 55 per cent ; 
out but more 
week of April. 


attack higl) tiirough- 
so after the third 


i—OU per cent ; attack high 
the first week and after the 
week of April. 


per cent ; attack increased 
the third week of April. 


attack increased 


increased 

after the third week of April. 


S — ^Big spines 
s - — ^Small spines 
L — Late variety 
E — ^Early variety 
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Appendix — co7itd. 


Seiral 

No. and 
ft'‘-aturt'B 
of 

the typi?. 

Nnmbor 

of 

observa- 

tions 

Total 
No. of 
flower 
bunds 
examined 

Average 

poreent- 

■ : ■ age ■ 

of 

attack 

' 

Baiige of inci41.;iice and rematks 

27. (S.E.) 

15 

338 

20-1 

6—50 f)er cent ; #'ittack iaereased 
after the. third wtudc of April. 

28, (S.E.) 

''' 15 

378 

13*7 

6—60 per ccuit ; attack' iiic'.ruaserl 
after the tlii,rci week of A|.)riL 

29. (s. E.) 

16 

318 

30' 1 

6—60 per, cent; attack incri^asc*;! 
after the third weclc, of April. 

30. (s. L.) 

15 

347 

61'9 

3.0 — 95 . per cent attack high 

1 throughout but more .in the bogiii- 
iiing and. towards' the end of 'the 
season. 

31. (s. E.) 1 

1 

14 

350 

26'8 1 

1 10—55 per cent ; attack increased 
, after the tliird.' week of April, 

32. (s. E.) 

14 

. 329 1 

31*0 1 

10—60 per cent ; ■ attack Increased 
after the third week of April. 

33. (s. E.) 

14 

335 

31-6 

5 — 75 par cent ; attack increased 
after the third week of April, 

34. (s. E.) 

f 

14 

369 

54*5 

40—85 per cent ; attack higlp more 
in tlie beginning and towWia the 
end of the season. 


S— Big spines 
S“— Small spines 
L— Late varie4>y 
E— Early variety 
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<>^0 text figure) 

T organismsTnder” ^robTe tte influence of micro- 

been investigated by various’ workers rr,r“^, Conditions have 

m well-aerated soils takes place quite ranidlv organic matter 

the first to show that the prSeS wa. S. [1853] was 

absorbed and an approximately equal voIutvio ?■ oxygen being 

On the other han^At is we^L^n that “ f a?" being evolved® 
the destruction of organic matter ia el ? bC'CHy-aerated waterlogged soils 
reduction to timpIeSSo “^nly to i 

alcoholt, etc. -ffie ooSoSZm SSr organic icide, 

hove been worked out by the co»ful end V? T?™ Secompositions 

lionsky [1896, 18971 Hebert riM9in^i^ ™‘?'™®“"®®*'S‘“‘oos ofOine- 

Seyler [1899);and rnorrStlv **««- '8021 Hoppe- 

[1932] and other, ?L ZetowJ w T? ['“26-3I], fige 

by Dehorain [1884. 1888, 1902] md 0meiirnirrS“l8m’’'t 
the micro-organisms require nitroven salte fytr^ ’ ^897], who showed that 
matter. Waksman and Ms coSers 1925 t^otion of organic 

hrmed this finding and established a direct reyion‘l.^^f^''®'^D 
cellulose or liemicelMose decomp -i between the ainoimt of 

organic form (microbial protehm i converted mto 

a number of cases where the effect of be suitable in 

A constant synthesis M proteins a L s^^died. 

the microbes in soil was nMiced even^ tHor nitrogenous materials by 

[1912, 1916, 1917]. Deherain [1902] and Lathorp 

hemiceUMoserirtUpur?^^^^^ ition of ceUulose and 

eitherSho 
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by adding inorganic nitrogen salts up to a concentration of 1 • 7 to 1-8 per 
cent of the material. Acharya [1935] showed that under anaerobic condi- 
tions much less nitrogen was required than under aerobic conditions. 

It has also been shown by Waksman and others [Waksman and co-ivoih- 
ers, 1927-31 ; Deherain, 190i ; Hebert and Heim, 1911; Hebert 18!)2 ; 
Hoppe-Seylor, 1899 ; Rege, 1927 ; Bach, 1926 ; Egorov, 1911; Konig, 1926; 
Rose and Lisse, 1917 ; Bray and Andrews, 1924] that of the various compo- 
nents of p’ ant organic matter, water-soluble materials are utilized with tJu^ 
greatest speed followed by the hemicelluloses and pentosans, then by cellulose 
and ultimately by lignin. ' Some hemicelluloses and pentosans may, however, 
be re-synthesized by the organisms as well as considerable amounts of 
proteins. The dark residue or the so-called humus resulting from the decom- 
position consists, therefore, mainly of modified lignin complexes of ])lant 
origin, microbial proteins and hemicelluloses, partly of plant origin and 
partly synthetic, together with a small amount of fatty and waxy substances, 
chitinous material, etc. 

It has now been established that the course and extent of decomposition 
of plant residues are influenced by the nature and composition of the material, 
the degree of aeration, moisture supply, temperature, pH of the medium, 
nature of the micro-organisms attacking the residues, etc. The general sta- 
bility of lignins explains the lower velocity of decomposition of fibres, like 
wood and jute, in which the cellulose is associated with lignin, outin or pectin 
[Langwell and Lymn, 1923, 1932 ; Fowder and Joshie, 1920 ; Waksman and 
co-workers, 1927-31]. Isolated lignin has been found to he even more stables 
and has been regarded as bacteriostatics [BosufF and Bush well, 1929, 1930, 
1934 ; Phillips and co-workers, 1930 ; Waksman and others, 1926-31 ; 1930.] 

Waksman and Tenney [1927-1930] have also shown that a young plant with 
higher content of water-soluble fraction and nitrogen and lower amounts of 
lignin and hemicelluloses, etc. decompose much more quickly than mature 
residues in which the conditions are reversed. The nitrogen content is shown to 
be a powerful deciding factor. Decomposition of plant materials psjor in nit ro- 
gen leads to a relative and absolute increase of crude protein content, wliereas 
those rich in nitrogen lose the excess of the element in the form of ammonia. 

It has been shown by various workers [Waksman and Tenney, 1 929, 1 930 ; 
Waksman, Tenney and Stevens, 1928 and Acharya, 1935] that the rate (jf 
decomposition of plant residues as a whole as well as of its various constituents 
is greatest under aerobic, intermediate under waterlogged (partially aerobic), 
and least under anaerobic conditions. Again, whereas nitrogen supply is of 
paramount importance under aerobic conditions, it is of less importance under 
anaerobic conditions as the requirement of nitrogen by anaerobic organisms 
is very low. This is well illustrated in Acharya’s experiments [1936]. During 
the decomposition of rice straw under aerobic , anaerobic, and waterlogged 
conditions, the protein content of the insoluble residue in the fiirst case rises 
considerably, whereas in the latter two eases loss of this constituent was found 
to occur. Under mild aeration anaerobic condition of decomposition is stimu- 
lated, while strong aeration gives conditions resembling aerobic ; waterlogged 
condition showing intemediate behaviour in aU respects. The nitrogen 
relationship under the different treatments are of special interest. Similarly 
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the figures for ' nitrogen factor ’ [Rege, 1927] and ‘ nitrogen equivalent ’ 
[Richards and Norman, 1927] were shown to be the highest under aerobic 
(0-536 and 1-11, respectively), intermediate under waterlogged (0- 395 and 
0 • 961, respectively) and lowest under anaerobic conditions (0 • 069 and 0* 169 
respectively). The admission of even a limited amount of air in the anaerobic 
system at weekly intervals alters the nitrogen relationships, as shown by the 
synthesis of proteins from ammonia and by the rapid increase in the values for 
nitrogen factor and nitrogen equivalent. 

Various investigations show that the temperature and reaction of the 
medium exert a profound influence on the rate and extent of decomposition 
of various organic materials by micro-organisms. Richards and Amoore 
[1920] at Rothamsted and BushweU [1930] showed that the optimum con- 
ditions for the production of methane are : (1) a temperature between 35*^ and 
40^0., (2) complete exclusion of air, (3) ample water-supply, (4) presence of 
some available nitrogen, and (5) absence of acidity. Similar results were 
also found by Acharya [1935] for anaerobic fermentation of rice straw. As 
the anaerobic decomposition is accompanied by the formation of various 
organic acids with the consequent lowering of pK of the medium, the 
fermentation process comes practically to a standstill as the pH falls to 
about 4-8, unless proper neutralizing agents are employed. Ammonium 
carbonate in sufficient amount was the most suitable neutrahzing agent, 
while calcium carbonate, even in sufficient excess, was unable to retard the 
fall in the “pH of the medium. When sodium nitrate was employed, there was 
no fall in pH but a gradual rise, accompanied by the maximum destiuction of 
organic matter as a whole as well as of its various constituents. The reac- 
tion appeared to proceed in two stages : (1) denitrification and oxidation of 
organic matter, and (2) the development of alkalinity owing to the formation 
of ailcali carbonates. This system resembled more the aerobic than the anae- 
robic system. 

While the control of acidity is of great importance in the case of anaerobic 
fermentation, it is less so in the case of aerobic decomposition. In the latter 
case the fermentation is carried out by a larger variety of micro-organisms 
including bacteria, fungi and actinomycetes and thus the decomposition can 
proceed in neutral, slightly acid and slightly alkaline medium. Tungi, which 
are most important in the disposal of cellulosic materials under aerobic condi- 
tions are most active in slightly acid reaction. Too high an acidity or too high 
an alkalinity inhibit the action of both fungi and bacteria. Acharya [1935] 
found that there was no fall in j?H of the medium, but a small rise, in the case 
of aerobic decomposition of rice straw, because the organic matter is converted 
completely to carbon dioxide and water without the formation of intermediate 
organic acids. 

The aim of the present paper was to study the course of decomposition 
of two samples of rice straw at different stages of growth, under aerobic, anae- 
robic and waterlogged conditions with different neutrient solutions and under 
different pH of the media by following the changes in the amount of total 
organic matter as a whole as welias of its more important constituents with the 
progress of decomposition. At the same time attention was given to the 
changes in the pH of the media employed and to the influence of neutralizing 
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agents in successfully preventing the development of acidity. Stress was laid 
on the composition of the ultimate insoluble residue which would be expected 
to approach the composition of humus provided the decomposition went 
fast enough and far enough. 

Experimental 

Composition of plant mat&rials used in ih& present investigation 

The rice plants used in the present investigation were of two diiFereut 
ages, the rice straw No. 1 being younger, whde the rice straw No. 2 was fully 
mature. Their proximate chemical compositions are given in Table I. 

Table I 

Proximate chemical composition of rice straw {Kanah Tara) used for decomposi- 
tion studies 


Chemical constituents 


Moisture^ 

Dry matter 
Ash2 

Water-soluble fraction 
Fats and waxes® 

Total pentosans^ 

Crude cellulose® 

Ash in above 
Pentosans in above 
Cellulose 
Crude lignin® 

Ash in lignin 
Lignin 

Total nitrogen^ 

Crude protein® 


Rice straw No. 1 
(young) 


100 of 
original 
plant mate- 
rial 


On per cent 
basis of dry 
material 


Rice straw No, 
(mature) 


100 gm, of I On percent 
original | basis of d,ry 
plant matO'l material 
■ rial ■ ' 1 


12*99 

87*01 

13*12 

16*46 

1*32 

18*86 

37*90 


29*44 

20*68 

6*38 

14*30 

1*80 

6*21 


15*08 

18*92 

1*62 

21*68 

43*56 

1*49 

8*23 

33*84 

23*78 

7*33 

16*45 

2*07 

7*14 


12*45 

87*55 

10*15 

12*46 

0*74 

22*31 

43*35 

0*23 

11*22 

31*90 

22*83 

5*10 

17*73 

0*53 

1.83 


11*60 

14*23 

0*85 

25*49 

49*52 

0*26 

12*81 

36*44 

26*08 

5*83 

2 M 5 

0*61 

2*09 


^ Moisture — estimated at 105®C. 

2 Ash was found to contain Na, K* Ca Mo- Fp Al Mn ^ i ^ ^ i 

phate, constituting the^major ^a^t 

Fats and waxes estimated by extraction with alcohol-benzene fi • n 
[1936] WM Phloroglucide method as recommended bV A. O. A. C. 

oml t'910] mvolving tl» of 72 p.r 

by Schwalbe [1925] was employed the^^aterinTh^*^”* ' ^ pu* forward 

and he^i^lluloses^ (by extLtion with ho? fets and waxes 

nitrogen. Thl’fl^e fo^^h^rmXpS^.sXS^^rS'aTc™^^^ 


k 
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aboTO data show that in the maturer plant, there are Iowpt. = 
of mmeral ma^tter (ash), fats and waxes, crude prS and 
fraction, and higher amounts of ceUulose 

duSg'siSithfrou^ amno-aS and^,t! 

Decomposition experiments 

The plant materials were cut into small nieces and tLpn tv,o„ i. i . 
pulvemmg machine and 20 gm. of each variSiy were placed 7n ^ 

glass bottles. Mineral nutrimts and Soil inoculant=i= Wfi -fi, 
water were added as described below and the contents S 
straw : water ratio was 1 • 10 mixed so that the 

bottom of to ye^oel and to othi about tlTifS aw'to E” 

and darter rrith to progress of decom^siito **' 

he anaerobic decomposition was carried in a number of ' reauAnf Lrv++i » 
of about 300 c. c. capacity, fitted with rubber corks eS tnlSf! ? ^ 
tubes about three inches long. The anaerobic condition wa?stciSTy"a 
techmque which would be clear j&om the diagram The bottle ^Til tod ^ ^ 
neoted » in to Fig. 1. The stop eook („) w£ „I»ed“l “VopeS S 
the enclosed air was removed by suction with a vacuum pump ^ The’ston 

r?(?n fl T" ^ ^oluL of ihe soluS 

A 7^ enclosed straw and then (a) and (c) were closed 

The end of the rubber tube was closed by a piece of glass tubing sealed at L +1,’ 
ends. Acharya [ 1935 ] first fified the bottles with Lction mfxture and S 
removed the air by suction. The method used in the presenrnTer S eas£ 
and more convement and involves no frothing up of the mixture during evrcua- 
on. The coiks and rubber jomts were coated with paraffin wax. The bottles 
were kept m a glass chamber at the laboratory temperature. The gases formed 
during fermentation were removed from time to ti^e from the bottfesTv ^ 
of a Hempel gas burette, care bemg taken to avoid the entry of air Oualita 
tive analysis showed that the gases consisted mainly of carbon dioxidrmeS 

decomposition were completely covered with about two 

♦Prepared by thoroughly agitating ■ some well-manured garden soil with wB+»r 
allowing the coarse paitides to settle and .centrifuging th e supernatant liquid. * 
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Fig. 1. Apparatus for obtaining anaerobic conditions 
From time to time the mass was shaken well and in the case of aorobi(? 
and waterlogged fermentations a little fresh water was added to each bottle 
to replace the loss due to evaporation. It was noticed that even under water- 
logged conditions there was a tendency for the materials to form a fungal 
growth on the surface of the water unless the mass was regularly stirred up. 
Under these conditions the anaerobic bacteria were no doubt mostly concerned 
m the decornposition in the lower part of the material, whereas the upper part 
in contact with the air was subjected to the action of various aerobic organism.s 
including bacteria, fungi and airtmomycetes. The waterlogged system should 
therefore occupy an intermediate position between aerobic and anaerobic 
systems. ■ 

AftCT specified intervals the bottles were opened, the contents were 
filtered through a Buchner funnel and then roughly washed with distilled water. 
In the <5ase of materials receiving calcitim carbofiate, the residue was treated 


11] micro-biological decomposition op plant materials, I 
with excess of <Kiute hydrochloric acid (strength about 0 - s J.V 

thoroughly washed with water immediatelv after iLa /> ^ S'Rd then 

mto rfutta. It wa, found in . 

in^t, the pentosans and hexosans are not affected as the ra treat- 

pleted trithin four to fi™ minutes. The rZuf™ £d7nd“°'^ ’'“' 

Soil solution 10 e.c. 

Distilled water 190 c,c. 

2. With magnesium sulphate and sodium phosphate- 

Sodium_ phosphate solution 10 c.c. (containing 0-25 gm ) 

Sl“n »■ “* 8“-)- 

Distilled water 170 c.c. 

3, With calcium carbonate alone — 

Calcium carbonate 8 gm. 

Soil solution 10 c.c. 

Distilled water 190 c.c. 

calcium carbonate and ammonium carbonate— 

Calcium^ carbonate 6 gm. 

^monium carbonate solution 10 c.c. (containing 0'6857 sm ] 

Son solution 10 c.c. ' 

Distilled water 180 c.c. 

5. With ammonium carbonate alone— 

Ammomum carbonate solution 10 c.c. (containing 1*3714 em ) 

Soil solution 10 c.c. '^^gm.; 

Distilled water 180 c.c. 

6. With sodium nitrate — 

So^um nitrate solution 10 c.c. (containing 2*4288 em ) 

Soil solution 10 c.c. 

Distilled water 180 c.c. 

The foUowing experiments were performed with rice straw No. 1 and tiVa 
s raw o. 2, ^Bder aerobic, anaerobic and waterlogged conditions and the 
a es m which the results of the analysis are shown, are mentioned below :— 

Aerobic condition 

Table II —;^composition of rice straw No. 1 with distiUed water only 
J-able 111.— Decomposition of rice straw No. 1 with magnesium sulnbatA 
and sodium phosphate ^ 

Table IV.— Decomposition of rice straw No. 1 with calcium carbonate 
and ammonium carbonate 

Table V.-^Decomposition of rice straw No, 1 with ammonium carbonate 
alone 

VI -]^comp6sition of rice straw No. 1 with sodium nitrate 
Table Vll.— Decomposition of riee straw No. 2 with distilled water 
only 
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Table VIII.— Decomposition of rice straw No. 2 with calcium carbonate 
and ammonium carbonate 


Anaerobic condUion 

Table IX.— Decomposition of rice straw No. 1 with distilled wat(=>r 
only 

X.— I^composition of rice straw No. 2 with distilled water only 
iable XI.— Decomposition of rice straw No. 2 with sodium phosphate 
and magnesium sulphate 

Table XII.— Decomposition of rice straw No. 2 with calcium carbonate 

' ."alone, ■■ 

Table XIII.— Decomposition of rice straw No. 1 with calcium carbonate 
and ammonium carbonate 

Table Xiy.— Decomposition of rice straw No. 2 with calcium carbonate 
and ammonium carbonate 

Table XV -Decomposition of rice straw No. 2 with ammonium 

carbonate 

Table XVI.— Decomposition of rice straw No. 2 with sodium nitrate 
Waterlogged condition 

Table XVII.-Deoomposition of rice straw No. I with distiUed water 
Table X^I.— Decomposition of rice straw No. 2 with distilled water 

Table XIX.— Decomposition of rice straw No. 1 with calcium carbonate 

. and ammoninm carbonate 

Table XX.-Decomposition of rice straw No. 2 with calcium (jarbonate 
and ammonium carbonate 


Discussion of results obtained 

¥ “>e c«eof Tabie VX: 



is/ 

aa compile ia the depthTof £ ^ ^ “ aappl/ was not 

hour daily. ^ medium as on the surface except for half an 
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Table Vir 

DecmtiposiUon of rke straw No. 2 with didilM water unit/ nmU r aemhir. omrlitinn., 

Mailoi iuls aftor iiioiiths of d^^cf jiit posit k) 


Chemical consti- 
tuents 


100 gm, 
original 


I. month 


H moot} IS 


nioru I k 


straw 




Total Percent 
residue ■ a.ge of 
j origifiai 

1 

' residin’ 

i S*i-r<-c{U 
agi - 

original 

'I’l.tiii 
i'( ■Killin’ 

[ Perr-i'ui 
age of 

original 

Total dry matter 

87-66 

65-75 

1 75 

•11 

55 -US 

62 

•92 


51 

• 72 

Ash 

10-16 

5-62 

i 

i 

1 


5-58 : 



6’27 ' 



Fats and waxes 

0-74 

0-38 

i 

j 51 

36 

U-35 

47- 

30 

1 

0-27 

36 

49 

Total pentosans 

22-31 

16-12 

! 67- 

77 

11-86 

O tI * 

16 

! 

J»-l« 

15 - 

49 

Crude cellulose 

43-36 

33-12 

1 

! 

25-72 


- 

19-22 



Ash in above 

0-23 

0-24 

1 


j 

0-19 


: 

1 0-10 j 



Pentosans in above 

11-22 

8-13 1 


j 

4-52 ' 


1 

' '!■ 

3-41 ' 



Cellulose 

31-90 

24-75 i 

1 

77-69 1 

21-01 • 

65-86 I 

15-65 

49*05 

Crude lignin 

22-83 

19-93 i 

■ ■! 

;| . 


1 

15-90 



13 -<57 



Ash in above 

, 

■ 1 

6-10 

3-08 i 

1 

. . 

i 

2-93 ; 



2-75 




Lignin 


17-73 


16 *85 


6d*04 12-07 . 73-10 


[ 0*98 2-92 


^ 0*92 , 0 |. i >9 


159-06 I 3*21 i 175*41 


6*60 
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Table VIII 

Decomposilmi of mriom comlitueMt^ of rice straw No. 2 with calcium carbonate 

_ _ _ carbonate under aerobic cmidiMons 

I j -^^tenals left after inontlis of 


CiiernicaJ. consti- 
tnerits 

1 100 gm 
J origina 
straw 

1 

. 1 1 month 

. i 

i ' 3 months . 

6 months 

i Total ■ 
■f' residue 

i 

! 

Pereen 
age of 
, origina 

t-i Total 
; residue 

li , 

Percenl 
age of 
original 

! 

- Total 
residue 

1 Percent- 
■ , age of 
original 

Total dry matter 

1 87-55 

! 

61-77 

70-67 

J 51-88 

59-27 

43-11 

49*25 

Ash' 

i 10-16 

5-55 

.. 

1 5-01 


4-85 


Fats and waxes 

1 0-74 

0-31 

CD 

O 

1 0-27 

36-50 

0-21 

28-38 

Total pentosans 

22-31 

14-63 

65-58 

11-28 

50*56 

9-54 

42-76 

Crude cellulose 

43-35 

30-84 

•* 

! 

! 23-08 


16-95 

• ■ ■ ' 

Ash in above 

0-23 

0-23 


0-19 


0-17 


Pentosans in above 

11-22 

7-51 

-- 

3-95 


2-58 


Cellulose 

31-90 

23-10 

72*41 

18-94 

59*37 

14-20 

44-51 

i 

Crude lignin j 

[, 

22-83 

1 

18-42 

... 1 

15-74 


13-57 

. . 

Ash in above 

1 

5-10 

3-13 


2-84 

• • 

2-75 


" V'' ‘ 

' Lignin 1 

■ 17-73, . 

15-29 

86-24 ' 

12*90 

72-76 

10-72 

60-46 

Crude protein i 

1-83 

2-64 

144-20 

3-09 

168-90 

3-43 

187-40 

1 

8*:55 ' 

7-: 

84;-: 

8-18 

S-8< 

) 

Per cent of protein N i 
in the residue 

0-33 

0-6S 

0-96 
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Table I X 

Decomposition oj various comiilueufs of rice, straw No. / wilk disliilai water onhf 

under anueroinc conditions 


Chemical consti- 
tuents 


Total dry matter 
Ash 

Fats and waxes 
Total pentosans 
Crude cellulose 
Ash in above 
Pentosans in above 
Cellulose 
Crude lignin 
Ash in above 
Lignin 

Crude protein 

pH 


100 gin. 
original 
straw 


Blaterial left alter nionths of d(.H;t,)mpo.sit ion 


1 month 


nionths 


87-01 

13-12 

1-32 

18-86 

37-90 

1-30 

7-16 


I'otal 

residue 


Ptr-rcent-l I'otal 
age of ! residue* 
original 


Per<'eijt«: 
age of : 
i fjriginal ; 


6 inonths 


Tend P<’r4-ui}» 
res idle* j age* of 
original 


60-82 I 69-90 

i 

6-85 I 


0-89 

14-95 

26-14 

I 

0-85 I 
5-13 I 


67-42 

79-26 


29-44 ! 21*16 


20-68 

6-38 


18-92 

4-64 


71-87 


57-77 

56*82 

54-93 


54-98 : 63-19 I 50-27 

6*12 : I '5*73 

I 

: ■ ! 

O'Sl til -St! ! 0'7S 

12-48 (iti-n ' 10-30 

24-80 .. I 22-40 

‘ I 

; 1 

; • • j 0-.63 

, ■■■ ■' ■ ■ ■ 

19-84 1 67-39 i 18-12 ■ 61-55 
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Table XII 

Decomposition of various constituents of rice sircm No. 2 with calciumi carbonate alone under anaerobic 

: conditions 
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Table XIII 

Decomposition of various constituents of rice straw No. 7 with cahimn curbonal,^ 
uud (iMM OTiiuM CdTbofiute UThdeT (tnueTobic conditions 

Material left after iBonths of ciecompoaitloii ■ 

SrnontiiB j ' lljiioiitfig ■ 

Perccnt-j Total j Percent-| Total : Percent- 

age^of^ ! reBicliie j ago of ' residue ago of 

;■ original 


* 1 i J month 

Chemical consti- j original I 

tuents I straw ■ — ^ — r - 


I Total 
residue 


original 


original . 


Total dry matter 
Ash 

Fats and waxes 
Total pentosans 
Crude cellulose 
Ash in above 


S 7-01 I 54-86 68 - 0 ^ 

13 - 12 ; 5-42 
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1-32 I 0-76 I 57-57 

I ^ i 

IB -86 ; 13-64 72-31 
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Pentosans in above 


Per cent of protein N 0*91 
in the residue 
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Decomposition of tmriotis constikmiis, office sfmw No. J vi'th flisti/fed imier 
onljf wider imMiogged conditions 


Chomica] 

constituents 
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Material left after inontlis of d(!eoju|urut ion 
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Table XVIII 

Decomposition of various constituents of rice straw No. 2 with distilled unter 
only under waterlogged conditions 


Material left after months of decomposition 


, ' Chemical 

constituents 

100 gm. 

1 original 
; straw 

1 nonth 

3 months 

6 months 


Total 

residue 

Percen- 
tage of 
original 

Total 

residue 

Percen- 
tage of 
original 

Total 

residue 

Percen- 
tage of 
original 

Total drj matter 

87-56 

69-11 

78*93 

69-34 

67-78 

64-02 

61*72 

Ash 

10-15 

6-23 


6-61 


5-26 


Fats and waxes 
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Per cent of protein N 
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Table XIX 

Decomposition of vnricms constituents of rice straw No. 1 with calcium carbonate 
and ammonium carbonate tinder tvaierloi/ged conditions 

j , 

■ : I ■ Material left after months of decomposition 


Chemical 

constituents 

100 gm. 
original 
straw 

1 month 

3 months 

' 6' months 

Total .Percen- 
rasi,f:i'uo tago of 
original 

Total 

residue 

Percen- 
tage of 
original 

Total 

residue 

Percen- 
tage of 
original 

Total dry matter 

87-01 

51-31 

68-98 

40-68 

46-66 

30-59 , 36*17 

Ash 

13-12 

6-63 


5-37 


4*75.1 

|. ■ 

Fats and waxes 

1-32 

0-72 

' 54-54 

0-43 

32-58 

0-28 21-21 
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I . 
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i ■■ 
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I - 4-36 
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2-13 ^ . * 
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i ' / - 
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} . . 

i ' 
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i 1 

7-91 ' 66-33 

Crude protein 
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3-21 
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Table XX 

Becomfosiiim of various constituents of rice straw No. 2 tv-ith calcium carbonate 
and ammonium carbonate under ■ waterlogged conditions 


Material left after months of decomposition 


Chemical 

constituents 

100 gm. 
original 

1 month 

3 months 

6 months 


straw 

Total Percen- 
residue tage of 
original 

Total Percen- 
residue tage of 
original 

Total Percen- 
residue tage of 
original 

Total dry matter 

87-55 

64-51 73-70 

56-37 64-39 

48-46 55*35 

Ash 

10-15 

6-12 

5-72 

5-14 

Fats and waxes 

0-74 

0-46 62-18 

0-38 51-36 

0-29 39-19 

Total pentosans 

22-31 

16-32 73-14 

13-75 61-63 

11-13 49-89 

Cnid© cellulose 

43-35 

32-00 

26-35 

20-20 .. 

Ash in above 

0-23 

0-23 

0-20 

0-18 .. 

Pentosans in above 

11-22 

8-12 

.■6-82' : " '.■. ■ '■ 

3-43 

CelMose 

31-90 

23-65 74-16 

20-33 63-71 

16-59 52-00 

Crude lignin 

22-83 

19-98 

18*16 .. 

16-50 

Ash in above 

5-10 

4-82 

4-83 

'4-22. r : 

Lignin 

17-73 

15-16 85-51 

13-33 75-19 

12-28 69-26 

Crude protein 

1-83 

2-47 135-00 

2-99 163-40 

3-27 178-60 

jpH 

8-55 

8-12 


7-13 

Per cent of protein N 

0-33 

0^62 

^*85 

1*08 

in the residue 
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As to the general course of the aerobic fermentations the results agree 
with the observations of most of the previous workers. A gradual decrease of 
fats and waxes, ceEuloae, hemiceUuloses (pentosans), lignin, etc., was observed. 
The hemicelluloses disappeared more readdy than cellulose during the early 
periods, while the order was reversed later. The mineral matter was diminish- 
ed to some extent during the earlier periods but remained more or less constant 
during the later stages, probably due to insolubility of the residxial minerals. 
Of all constituents the decomposition of lignins was the slowest and most 
incomplete. 

The changes in the organic nitrogenous complexes deserve special attention . 
In the case of rice straw No. 1, rich in nitrogen (total nitrogen = 2-07 per cent 
and water-insoluble nitrogen = 0-91 per cent), m spite of decomposition there 
was a steady rise in the concentration of the element to a maximum of 1 • 7 — 
1 • 9 per cent in the insoluble residue. The phenomenon appears to be a result 
of : (a) a gradual conversion of water-soluble nitrogenous substances of the 
plant material into msoluble form, (6) a relatively slower rate of disappearance 
of insoluble nitrogenous complexes (proteins) in comparison with that of other 
plant constituents at the early stages of decomposition, (c) the decomposition 
of the proteins at the same rate as other plant constituents, during the later 
stages. In the case of ricestraAv^ No. 2 poor in nitrogen (total ingrogen =0-61 
per cent and water-insoluble nitrogen = 0-33 per cent) there was no loss of the 
element but both a relative and an absolute increase in the concentration of 
the protein fraction. When no inorganic nitrogen was supplied (Table VII), 
the water-soluble nitrogen fraction was gradually converted into insoluble 
form with the progress of decomposition and when ammonium carbonate wa.s 
added (Table VIII), the inorganic nitrogen was transformed into organic form 
(microbial protein). In the latter case, however, the synthesis of proteins by 
micro-organisms was considerably greater than in the former. This leads us 
to conclude that microbial proteins may be synthesized from either water- 
soluble plant nitrogen or from inorganic salts added to the medium. The 
simple fact that there is no decrease in the amount of yiroteins, fis in the case of 
rice straw No. 2, does not, however, prove that the insoluble ])lant proteins 
are not decomposed, but probably the degradation products of the proteiuh 
are consumed, as soon as they are formed, by the micro-organisms for the syn- 
thesis of their cell-snbstance. This synthetic action is related to the extent of 
decomposition of the plant residues, being greater when the decomposition of 
celluloses and hemiceUuloses is also greater. 

As for the influence of the various nutrient solutions employed on the rate 
and extent of decomposition, it has been found that the decomposition of the 
total organic matter as a whole, as weU as of the individual constituents, takes 
place in the foUowing increasing order ; (a) with distilled water alone 
(Table II), (6) with sodium phosphate and magnesiutn sulphate (Table III), 
(c) with calcium carbonate and ammonium carbonate mixture (Table IV), 
{d) with ammonium carbonate alone (Table V), (e) with sodium nitrate (Table 
Vl). Similar is the case with rice straw No. 2 (Tables VII and VIII). 

It is found that the addition of nitrogen salts accelerates the rate and 
extent of decomposition of not only rice straw No. 2 (poor in nitrogen) but also 
to Bome extent of rice straw No. 1 (rich in nitrogen). This may be due to the 
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fact that micro-organisms prefer inorganic nitrogen to plant proteins. Similar 
results were obtained by Waksman and Bavendamm. [1931]. The greatest 
decomposition of rice straw with sodium nitrate is due to its oxidizing action 
and the relatively rapid decomposition of lignin in this case may be due to the 
resulting alkalinity of the medium in which lignin is more soluble. 

However, it is found that under similar conditions, the decomposition of 
straw No. 2 proceeds at a much slower rate. This is due to the fact that the 
younger plant contains more nitrogen and water-soluble substances and is less 
lignified. The addition of inorganic nitrogen greatly hastens the process of 
fermentation of rice straw No. 2, but even then it is considerably slower than 
that of straw No. 1 when receiving no nitrogen salts. This is due to the more 
lignified character and maturity of the former. 

On a careful study of Tables IX-XVI, it is found that the of the media 
progressively falls, due to the development of acidity, and the process of decom- 
position is abruptly slowed down as the j>H value approaches about 4*6, 
unless neutralizing agents are used. For this pmpose the use of : (1) sodium 
phosphate and magnesium sulphate mixture (Table XI), (2) calcium carbonate 
(Table XII), (3) calcium carbonate and ammonium carbonate mixture (Tables 
XIII and XIV) and (4) ammonium carbonate (higher dose) (Table XV) was 
made. The observations were similar to those made by Acharya [1935], 
Ammonium carbonate (higher dose) proved most successful while calcium 
carbonate, though pi esent in excess, could not retard the fall of pH of the 
medium. This might be due to the formation of an insoluble deposit of lime 
salts of the acids on the carbonate. In the case of calcium carbonate and 
ammonium carbonate mixture, the rate of fall of pH was slower than the former 
case, due to presence of ammonium carbonate, but ultimately the medium 
became distinctly acid, due to the insufficiency of the base. 

With sodium nitrate (Table XVI), however, there was no fall of pH 
during the four months of decomposition but a gradual rise from 6*88 to 8*54, 
After this period there was again a gradual lowering to 7 • 88 after six months. 
This can be best explained as the result of the activity of denitrifying bacteria. 
The nitrates are reduced to atmospheric nitrogen and there is an alkalization 
owing to the formation of sodium carbonate* Buring the later stages, however, 
as the process of denitrification was completed, the pH of the medium gradually 
fell as a result of accumulation of organic acids. This idea finds support from 
the observations of Elma, Kluyver and Balfsen [1934] and Acharya [1935]. 

The pH of the medium is the most important factor in controlling the rate 
and extent of decoi*iposition in this case, as acidity greatly inhibits the inaction. 
The various nutrients influence the rate and extent of decomposition in the 
same order as in the aerobic system, the greatest decomposition being with 
sodium nitrate (Table XVI). However, by comparing the results of these 
tables with those of Tables II-VIII, it is found that in general the rate and 
extent of decomposition of plant materials as a whole, as weU as of the various 
constituents, are much slower than those under aerobic conditions. The re- 
quirement of nitrogen in this case is also much lower : the amount should be 
only about 0 • 45-0 • 50 per cent of the total dry matter. 

A study of Tables XVII-XX shows that the waterlogged system shows 
intermediate behaviour between aerobic and anaerobic conditions in all res- 



Summary 


1. A study has been made on the decomposition of two samples of rice 

straw : rice straw No. 1 (younger) and rice straw No. 2 (mature) through 
the agency of micro-organisms present in an aqueous solution of a \velJ-manur 
ed garden soil under aerobic, anaerobi-o and waterlogged oondithm.s in presence 
of sufficient moisture (straw : water = 1 : 10) at the ordinary laboratorv 
temperature. ^ ‘■a 

2. The younger rice straw, No. 1, was characterized by a higher content 
of water-soluble substances, nitrogen, ash, and lower amounts of liunin cellu-" 
lose and pentosans in comparison with the more mature rice straw ’■> 

3. The course of decomposition was followed by measuring th*e lu.Ces in 
the amomts of the major plant constituents (cellulose, pento.sans li<min 
protein, fats, waxes, etc.) which account almost completely for the loss o? the 
total organic matter. 

4 The anaerobic process of decompo.sition is characterized by the fonna- 
tion of various organic acids, combustible gase-s (methane, hydrogen etc and 
other mtermediate products, while under serobie conditions the ^intermediatr- 
pmducls, tf anj, quiakly o,ddiaed to carbon dtaide and ‘v^ 
position under waterlogged condition shows an intermediate behaviour 

ri the ®H of the meiiimn 

and mhibit the fermentation process under anaerobic conditions unless ni-onei' 

ueutrahzmg agents are employed. This control of acidity is of insknffk itt 
importance under aerobic conditions where the organic matter is almS 

SSedTaS;." Waterlogged 

6 Of the various media employed for control of acidity under anaerohir* 
™ carbonate wm found to be inefficient even when present 
m s^cient exce®, w^hereas calcium carbonate and ammonium carbonate 
mixture, though effective at the earlier stages, was ineffective during the later 
steges, due to the insuffici^cy of ammonto carbonate eTnS® a J ® 
muM »bon.t« added to the Ltont of 2 4"™^ 
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pects. The general behaviours of the two samples of rice straw are, however 
similar in all cases, e.g. straw No. 1 decomposes more readily than straw No. 2.* 
The fall in the pH of the medium as a result of acid formation is also observed 
but is not so great as under anaerobic conditions. The nitrogen retjuirement 
is also not as low as for anaerobic and not as high as for aerobic decomposition, 
the amount necessary in this case being about 1 • 00-1 • 08 per cent of i he total 
dry matter. The rate and extent of decomposition is intermediate hot ween 
aerobic and anaerobic conditions. This is true not only of the total or'amic 
matter as a whole, but also of the individual constituents including lignin. 
Acharya [1935] reported that in the case of rice straw, the greatest hxss of ifgnin 
takes place under waterlogged conditions, the present inve.stigation show.s that 
the loss of this constituent is greatest under aerobic conditions. The influen'w^ 
of calcium carbonate and ammonium carbonate mixture on the rate of fermen- 
tatten of rice straw under waterlogged conditions has also been found to be 
similar to that under the other two conditions. 
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straw (1 • B714 gm. of ammonixim car>> onate per 20 gm. of rice straw) employed 
was the most successful. Sodium nitrate served a dual purpose ; (a) Denitri- 
fication and rapid oxidation of organic matter, (6) Alkalization of the medium, 
leading to the control of acidity. 

7 . The process of decomposition was carried out in the following media ; — 
(a) With distilled water only, (6) with sodium phosphate and magne- 
sium sulphate mixture, (e) with calcium carbonate alone, (d) 
with calcium carbonate and ammonium carbonate (1 per cent 
nitrogen on the weight of straw), (e) with ammonium carbonate 
alone (2 per cent nitrogen on the weight of straw), (/) with so- 
dium nitrate alone (2 per cent nitrogen on the weight of straw). 

Other conditions remaining the same, the rate and extent of decomposi- 
tion of the organic matter as a whole, as well as of the individual constituents, 
were found to increase when the above media were employed in the order 
mentioned. 

8. The rate of decomposition was found to be greatest under aerobic, in- 
termediate under waterlogged and least under anaerobic conditions, all other 
conditions remaining the same. 

9. Under similar conditions, rice straw No. 1 decomposed much more 
rapidly and completely than rice straw No. 2, due to its more favourable 
chemical composition (vide paragraph 2 above). Addition of inorganic nitro- 
gen salts greatly hastened the rate of decomposition of rice straw No. 2, and 
still more, the decomposition of rice straw No. 1. 

10. For successful fermentation of rice straw under aerobic conditions 
about 1*7-1 *9 per cent of nitrogen salts should be present in the medium, 
while under waterlogged and anaerobic conditions much less quantity (namely, 
about 1*00-1*08 per cent and about 0*45-0*50 per cent respectively) is suffi- 
cient. When the straw contains less than this amount of nitrogen, additional 
nitrogen salts are to be supplied to the medium (which are gradually converted 
into microbial cell substances with the progress of decomposition). If, on the 
other hand, the plant ma-terial contains greater than this amount of nitrogen, 
the excess is rapidly lost as waste products during the microbial processes, 
chiefly as ammonia. 

11. Of the various plant constituents, the carbohydrate materials (cellu- 
lose, pentosans, etc.) are rapidly decomposed , while lignin, being resistant to 
decomposition, tends to accumulate with the progress of decomposition. 

12. The residue left after decomposition becomes gradually poorer in 
carbohy<irates and richer in lignins and protein-like substances and tends to 
a})proac}i the composition of humus. 
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R ecent researches have supported the prevalent idea that lignin, the re- 
sistant constituent of plants, takes the most prominent part in the forma- 
tion of humus, during their micro-biological decomposition. In part I of the 
present investigation also, it has been found that plant residues become gradual- 
ly richer and richer in lignin with the progress of decomposition as the latter 
breaks down only slowly in comparison with other plant constituents. How- 
ever, the decomposition of this constituent has been found to be the greatest 
under aerobic, intermediate under waterlogged and the least under anaerobic 
conditions. Fuchs [1926] summarized the experimental evidences of various 
investigators which tended to establish the role of lignins as the mother sub- 
stances of humus , or of humic acids. He stated that the transformation is 
accompanied by the splitting off of methoxyl groups, the formation of phenolic, 
hydroxyl and carboxyl groups and self-condensations. Various other invo.sti- 
gators, such as Hoppe-Seylor [1899], Page [1932] and Waksman and others 
[1932-34] have also held that humic acid is formed by the combination of 
lignin or modified lignin complexes with proteins during the micro-biological 
decomposition of plant residues. Hebert [1892, 1893] and Deherain [1*902] 
were the first to suggest the conception of humus as a mixture of lignin and 
protein, the former teing the resistant part of the plant residues and the latter 
synthesized by micro-organisms inhabiting them. According to Hob.son and 
Page [1932] the nitrogen in humus is associated with humic matter in some 
manner which does not allow of its removal by metliods which ordinarily 
remove physically bound nitrogen compoundk A series of ligno-protein 
complexes were prepared by Waksman and Iyer [1932-33] wliiclkbehaved in 
most respects, such as colour, solubility in alkalies, diemical reactivity and 
resistance to attack by micro-organisms like the typical humic acids, humic- 
matter or alphafraction of humus. 

Waksman and Smith [1934] have observed the gradual removal of 
methoxyl groups in lignin in the process of natural decompo.sition of organic 
residues under aerobic but more specially anaerobic conditions, but an increase 
in the relative amount of ash and organic nitrogenous compounds. The 
lignin molecule is modified considerably during decomposition even when it 
is not destroyed as a whole. Under aerobic conditions, however, the lignin 
moleciile as a whole is attacked, and the methoxyl content of the residual 
lignin ia not modMed to any marked extent. 

( 162 ) 
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An attempt has been made in this paper to follow the changes undergone 
by the lignin fraction during the progress of micro-biological decomposition. 
For this purpose the lignins obtained from rice straw decomposed under 
various conditions of the medium under aerobic, anaerobic and waterlogged 
conditions (as described in part I) were analysed for : (i) methoxyl content, 
-and (ii) nitrogen.'-,' 

Now the methoxyl, which is a characteristic group of lignin, is not pre- 
sent in constant proportion in various preparations, but its amount varies 
from source to source of the lignin as was shown by Fuchs [1926], and even in 
the same plant at different stages of growth as was shown by Beckmann [1923]. 
Beckmann also found that not only is there an increase in the lignin content 
of plants with an increase in maturity, but the amount of methoxyl also in- 
: creases. ' ■ . , 

Experimental 

The lignin preparations used for the present study were all obtained from 
rice straws No, 1 and No. 2, as described in part I, at various stages of decom- 
position and the same methods were employed for their isolation to obtain 
comparative results. In part I the method of isolation of lignin has been des- 
cribed. The sulphuric acid method has two advantages : (i) The lignin is 
isolated quantitatively and free from carbohydrates, and (ii) it contains all the 
methoxyl groups intact. 

It has been recently shown by Harris, Sherrard and Mitchel [1934] that 
fuming hydrochloric acid method of isolation of lignin as recommended by 
WiUstatter and Zechmeister [1931] is open to objection because part of the 
methoxyl is lost daring this treatment. 

The methoxyl values were determined by ZeiseFs method as modified 
by Perkin [1903]. The nitrogen was estimated by micro-Kjeldahl method as 
only small quantities of samples were available. The distillation apparatus 
is described in PregFs [1924] ^Quantitative micro analysis^ (translated by 
Fyleman). The results of anatysis calculated per 100 gm. of lignin employed 
are expressed in Tables I-IV. 

Table I 

Ohanges in the methoxyl content of lignin of rice straw No, I with decomposition 
under aerobic, anaerobic and waterlogged conditions 


Treatment 

Original 
lignin 
(per cent) 

After 

3 months 
(per cent) 

After 

6 months 
(per cent) 

Aerobic with distilled water only 


8-47 

7*17 

6*87 

Aerobic, with CaCOg and (NH 4 ) 2 C 05 



7*78 

6*34 

Waterlogged, with distilled water only 


•• 

5-00 


Waterlogged, with CaCOg and (^ 114)2 003 



6-82 

5*31 

Anaerobic, with distilled water only 


8-47 

4*69 

3*86 

Anaerobic, with OaCOg and (NH 4)2 


. , * ■■■ /. 

4*76 

4*01 


r 
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Table II 

Changes in the methoxt/l content of Ugnin of rice straw No. 2 with dm>m position 
mder aerobic, anaerobic and ivaterlogged conditions 




Table III 

Changes in the nitrogen content of lignin of rice straw No. / with di'mwpasifion 
under aerobic, anaerobic and waterlogged conditions 




Treatment 

Original After 

' lignin ; 3 inontliB 

(per cent) j (per cent) 

j 

j H lllOlltllH 

1 (per <*01 it) 

i 

Aerobic, with distilled water only 

9-42 7-25 

j ((•(i 2 

I 

Aerobic, with CaCOs and GOg 

: ■ 1 8-17 ; 

i , ' 7 •■82 " 

Waterlogged, witli distilled water only 

^ 6*411 

S-fiS 

Waterlogged, with CaCOg and (^ 114)2 GOg j 

6*52 

6-87 

Anaerobic, with distilled water only j 

: 

^ .. ; ; : ' 

4-89 

Anaerobic, with CaCOg and (NH 4)2 CO 3 

1 i 

■ «-01 i 

^ / , 1 

s-m 


Treatment 

Original r 
lignin ■ 

(per cent) 

After 

S months 
(per cent) 

After 

6 moiitliH 
(per cent) 

Anaerobic, with distilled water only 

1-25 

l.*2H 

i *51 

Anaerobic, with GaGOg and (NH 4)2 GOg 


i •:ii 

1*63 

Waterlogged, with distilled water only 


1*30 

1-72 

Waterlogged, with CaCOg and ( 15 ^ 4)2 GOg 

i 

1*39 

1-87 

Aerobic, with distilled water only 

! 


2-37 

Aerobic, with CaCOg and {NH 4)2 GOg 

t ; 

i*6g ^ 

1 

2-S8 
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Table IV 


Changes in the nitrogen of lignin of rice straw No. 2 with decomposition nnder 
aerobic, anaerobic and waterlogged conditions 


Treatment 

Original 
lignin 
(per cent) 

' After- 
3 months 
(per cent) 

After 

6 months 
{percent) 

Anaerobic, with distilled water only 

Ml 

M3 

■ 1»36 

Anaerobic, with CaCOa and CO 3 

.. 

1*28 

1*49 

Waterlogged, with distilled water only 


1-30 

■2*15 

Waterlogged, with CaCOg and (]S[H 4)2 COg 


1-38 

2*48 

Aerobic, with distilled water only 


1‘67 

2*85 

Aerobic, with CaCOg and CO 3 


1-73 

2*98 


Discnssioiir OF eesults 

A study of Tables I-IV shows that the methoxyl content of lignin of 
rice straw Ho. 2 (mature) is higher than that of lignin of straw Ho, 1 (less 
mature), but the nitrogen content is lower. It has been found that the pre- 
sence of nitrogen in lignin of original plant materials cannot be eliminated even 
after repeated treatments with sulphuric acid. This may be due to two 
reasons : (1) The nitrogen may be an integral part of the molecule, (2) Under 
the influence of concentrated acid the proteins may be rendered partly in- 
soluble (humin). 

Lignin from straw Ho. 1 contains more nitrogen than that from Ho. 2. 
This may be due to a greater amount of protein being precipitated by the 
mineral acids if the second assumption is correct, 

A glance at Tables I and II wiU show that with the progress of decomposi- 
tion there is a decided loss of the methoxyl content of lignin under aerobic 
and anaerobic as well as under waterlogged conditions, the loss being greatest 
under anaerobic, intermediate under waterlogged, and least nntj pr aerobic 
conditions. It is also found that the loss of methoxyl is not so great when 
the medium contained a mixture of calcium carbonate and ammonium car- 
bonate than when the straw decomposed alone. Possibly the acidity of the 
medium helps the splitting off of the methoxyl group. 

These facts are supported by the observations of Waksman anrj Smith 
[1934] who found that aerobic organisms attack the lignin molecule as a whole 
and completely destroy it without affecting the methoxyl content of the 
material. Under anaerobic conditions, however, the decomposition of lignii^ 
is the least but the methoxyl group is rapidly split off. The waterlogged 
system shows an interrnediate behaviour, 
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On the other hand, a study of Tables III and IV shows that nitrogen 
content of lignin increased with increasing periods of fermentation, the in- 
crease being most marked under aerobic, intermediate under waterlogged and 
least under anaerobic conditions. This may probably be due to ; (i) the 

greater activity of aerobic organisms resulting in the systhesis of greater 
amounts of microbial proteins, or (it) the greater activity of aerobic organisms 
in the synthesis of ligno-proteins. 

It is also to be noted that the addition of nitrogen as ammonium carbonate 
in the decomposing rice straw also increases the formation of ligno-protein 
complexes. 

Attempts were made to measure the rate of formation of humic acids 
(the alkali-soluble and acid-insoluble fraction of the decomposing organic 
matter) with the progress of decomposition of rice straw. But as both the 
original lignin and lignin-humic acid mixture of the decomposed straw were 
somewhat soluble in alkalies, these attempts did not throw much light on the 
problem. Karrer and Boding-Wieger [1921, 1923] demonstrated that when 
acetyl bromide is allowed to act upon plant material, practically all of the 
organic constituents, except ‘ humified matter are brought into solution, 
forming acetylated and methylated products ; and he used this method for 
the separation of the undecomposed plant residues from the ‘humified’ 
substances. But it was found that this action of acetyl bromide is extremely 
slow and at least four to five days contact with the hot reagent was 
necessary before much effect was produced. 

The action of this reagent and also the conductometric titrations of 
humified lignins are under investigation. 


Summary 

1. A study has been made of the changes in the content of nitrogen and 
methosyl in the lignin preparations (obtained from straw No. 1 and straw 
No. 2) at various stages of decomposition under aerobic, anaerobic and water- 
logged conditions 

2. There is an increase in the nitrogen and decrease in the methoxyl 
content of lignin with the progress of decomposition. When the plant ma- 
terials are decomposed with a mixture of calcium carbonate and ammonium 
carbonate, the loss of methoxyl is less but the nitrogen content is higher. 

3. Loss of methoxyl is the greatest under anaerobic, intermediate under 
waterlogged, and the least under aerobic conditions. The reverse is the case 
with the increment of nitrogen content. 
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Introduction 

T he determination of free alumina and free iron oxide ia important for the 
proper characterization of red soils. Bauer’s [1898] work showing 
that the laterites of SeyehUles was similar to the so-called bauxite (jf He, say 
in Germany not merely drew attention to the fundamental clie(ni<!a1 eharatdeV 
of laterite, but left little else than details to be done by others on the nataire 
of laterites. Dealing with some aspects of tropical soils. Hardy [Ihlb)] write, s : 
‘ Evidently the present usage of the term laterite by petrologists is inexact,, 
and the modern definition has come to mean a highly aluminous and highly 
hydrated residual rock product, usually also rich in hydrous inm oxide.s and 
containing other characteristic components It has been UHcd in this sense 
by Harrison [1933], by many other early soil investigators and geidogists. 
Mention may also be made here of the views of Warth and Warth [1903], 
who, as a result of their detailed chemical examination j>f many typical' 
Indian laterites, write : ‘ Further, the results show the term laterites ‘has a 
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Experimental 

I, I)ktebmihations based on the tbinciple of alizarin adsorption used 

BY Hardy [1931] 

III this procedure the amount of alumina and iron oxide iincombiiied with 
silica is determined by the adsorption of alizarin, the detemiiiiations being 
based on the fact that the iron oxide in the soil can adsorb alizarin sulphonate 
only before ignition, whilst the alumina gel can adsorb alizarin sulphonate 
only after ignition. 

Two portions were taken, each of mass one gram (70 I.M.M.). One 
portion was heated to dull redness {800'^C.) for six minutes in a silica crucible 
covered by a lid, the other was not heated. Each portion was introduced 
into a Pyrex glass test tube containing 20c.c. of 0* 5 per cent solution of sodium 
alizarin sulphonate (alizarin — S)^. Adhering particles were washed down the 
sides of the tubes with 10 c.c. of 80 per cent boric alcohol* The tubes were 
heated with simple condensers and then heated in a gently boiling water bath 
for ten minutes. After settling for five minutes, the supernatant liquid in 
oacli tube was decanted into a Buchner funnel containing filter paper pulp, 
and filtered by suction into a filtering flask. The solid material was treated 
with 25 c.c. boric alcohol, boiled, and the whole suspension poured into the 
funnel and filtered by suction. Excess of dyestuff was washed out of the sedi- 
ment with a Kttle boiling boric alcohol followed by boiling distilled water. 

The adsorbed dyestuff from the stained material was extracted by means 
of a saturated aqueous solution of sodium oxalate containing sufficient free 
oxalic acid to impart a pH value of 3 *8. The concentration of the dyestuff 
in the extract was measured in a Duboscq colorimeter against a standard. 
Prom the results both the alumina content and the ironoxide content of the 
soils could be calculated. 

A blank oxalate extraction on 1 gm. of the material, both ftesli and ignited, 
omitting the dyestuff treatment, was performed in all cases to correct 
for the iron solubility of ferruginous materials. 

II. Determinations based mainly on the pbinoifles devised bv Dbos- 

DOFF AND TeHOO [1935] 

(A) Separation and determination of free silica and free ahmina 

Two gm. of soil (70 I.M.M.) were digested with 2 per cent sodium carbon- 
ate solution in a 250 c.c. Pyrex beaker at about 70°G. for 10 hours with frequent 
stirring by glass rod to dissolve free silica and free alumina. The content 
of the beaker was decanted and washed several times with 0*05 hydro- 
chloric acid, using an Ecco centrifuge. The washings were analysed for free 
silica and free alumina. 

(jS) Determirmtion of free iron oxide 

The residue containing soil from (A) was suspended in 250 c.c. water in a 
500-e.c. bottle and saturated with sulphuretted hydrogen for half an hour. 
It was then made Just alkaline with normal ammonium hydroxide, shaken 
for half an hour, acidified with decinormal hydrochloric acid, adding an excess 


* 100 c.c* of solution contained about SO c.c. of 80 per cent alcohol saturated 
with boric acid {pB. 3*2). 
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of about 60 c.c. to dissolve the iron sulphides completely, and then warmed 
on water bath to drive off the sulphuretted hydi'ogen and coagulate the suspen- 
sion which was then transferred to the centrifuge tubes and the supernatani, 
liquid was collected by decanting after centrifuging, ^’he residue was washerl 
several times with 0-05 JV hydrochloric acid by centrifuging. The super- 
natant liquid and washings were collected and the quantity of iron oxide was 
determined in the solution. Soils containing large amounts of free irmi oxide 
may require more than one treatment for complete removal of iron oxide. 

Results 

Table I shows the results of the determination of fn^ti alumina and 
free iron oxide by Hardy’s method with some typically Indian red -soil -samples 
on profile basis, whilst Table II gives the comparison of the data of free -ses- 
quioxides obtained by the methods of Hardy and of Drosdoff and I’ruog. 
The percentages of free silica obtained by the latter method is also included 
in the same Table II. The figures for the percentages of free alumina have 
beencalculatedby the new calculating f actor (0-1) given by Hardy [Hardy 
and Rodrigues, 1939]. 

Table I 

Percentages of free sesquioxide compov,ents obtained by the Hardy's method 





Ovm dry baBis 


Boil No. 

Locality 

Depth 

Per cent 

For coat ■ 

For oont 


free 

free 

total free 




AljO, 

FosO, 1 

AiA 






■i FojO, 

ip 

2p 

3p 

Dacca, Bengal 

Dacca, Bengal 

Dacca, Bengal 

0 in— 6 in. . 

6 in— 2 ft. 3m. 
2 ft. 3 in. —4 ft. 

i‘02 

1-80 

2-40 

2*14 

3 *89 

4 ‘90 

3*16 

5*69 

7*30 

4xd 

Suri, Bengal 

0 ft.— -I ft. , 

1*56 

2-22 

3-78 

5p 

Suri, Bengal 

1 ft.— 1 ft. 6 in. 

i-8! 

2*35 

4*16 


Buri, Bengal 

1 ft. 6 in.~-~4 ft. 

2-OB 

3*33 

5-4) 

7p 

Sini, Bengal 

Below 13 ft. . 

1-98 

1 *05 

3*03 

8p 

Siiri, Bengal 

Below 13 ft.. 

DOS 

i 

0*93 

2*0i 

lOp 

Bidar, Hyderabad 

;oft— ift. . 

6-62 

2*68 

9*30 

13p 

Bidar, Hyderabad 

0 in— 111. Sim 

5-02 

.■j-uo 

8*92 

14p 

Didgi, Hyderabad 

Surface layer 

2*50 

■ 4-77 

7*27 

15p 

Didgi Hyderabad , . J 

51 ft.-»-54 ft. 

7*06 

6-12 

12*18 

16p 

Jairabad, Hyderabad 

0 in. — 1 ft. Bin. 

; 4‘0S 

1 2-98 , 

7*66 

18p 

Himayetsagar, Hydera- 

0 in. — 3 in. . 

1 0-91 

167 

2*58 

bad 

3 in.-*-l ft. 6 in. 




19p 

Himayetsagar, Hydera- 
bad 

Himayetsagar, Hydera- 

0*72 

3-78 

4*60 

20p 

1 ft. 6 in— 4 ft. 

1*40 ; 

' 1-06 1 

2*45 

bad 


i 

i 

j 
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Table 1—contd, 


Oven dry basis 


Soil No. 


Locality 


21p Himayetsagar, Hydera- 
bad 

23p Telankheri, Nagpur, C. P. 
24p Telankheri, Nagpur, C. P. 
26p Telankheri, Nagpur, C,P, 
27p Telankheri, Nagpur, C. P. 

33p Raipur, C. P. 

34p Raipur, C. P. 

36p Raipur, C. P. 


36p Raipur, C. P. 


37p i Raipiu, C. P. 


38p Labhandi, Raipur, C.P. 
39p Labhandi, Raipm*, C, P . 


42p Alisagar, Hyderabad 
43p Alisagar, Hyderabad 


53p Nilgiri Hillsl 

54p Nilgiri Hills Wl)-3G00 ft. 

65p Nilgiri Hills J a.s.L 


Nilgiri Hills*! 

Nilgiri Hills V(2)~5000 ft. 
Nilgiri Hills j a.sa. 


59p Nilgiri Hills 

60p Nilgiri Hills 

6 Ip Nilgiri Hills 

62p Nilgiri Hills 


{3)-7000 ft. 

a.s.l. 


63p Guntur, Madras 
64p Guntur, Madras 


Depth 

. 

Per cent 
free 

’ ' Per cent 
free 

FeA 

Per cent 
total free 
AlgOg 

I ft. Bin.— 4ft. 

3-04 

2*09 

6*13 

0 in. — 2 in. . 

10-30 

3*92 

.'14*22 

2 in. — 2 ft. 6 in. 

8*38 

6*85 

16*23 

13 ft.— 16 ft.. 

1-08 

1*04 

2*12 

16 ft.— 21 ft.. 

0-64 

2*47 

3-01 

0 in.- — 4 in. . 

6-33 

' 3- 4T 

9*80 

4 in. — 1 ft. 5 in. 

6*74 

3-97 

10*71 

1ft. 6 in.— 4 ft. 

7*62 

4*68 

12*30 

0 in. — 6 in. . 

5*82 

2*10 

7*92 

0 in. — 6 in. . 

4*09 

2*53 

6*62 

0 in. — 8 in. . 1 

4*38 

2*61 

6*89 

8 ft.— 10 ft. . 

3*32 

1*65 

4*87 

0 ft.— 1 ft. . 

3-24 

4*37 

7*61 

1 ft. and down 

5-14 

3*78 

8*92 

0 in. — 1 ft. 8 in. 

1-86 

3*25 

6*11 

1 ft. 8 in.— 3 ft. 

1*94 

4*40 

6*34 

Below 64p . 

1*44 

, a* 78'' 

6*22 

Oft.— 1 ft. . 

9*63 

7*19 

16*72 

1 ft— 2 ft. . 

9*62 

7 •37.' 

16*99 

2 ft.— 6 ft. . 

11*64 

6*90 

17-64 

0 in.— 1ft. . 

13*70 

7*09' 

21*69 

1 ft.- 3 ft. . 

20*84 

10*00 

30-84 

3 ft.— 4 ft. 6 in. 

17*34 


24*62 

4 ft. 6 in. — 6 ft. 

17*01 

'■■:7'*07,:: 

24*08 

0 in. — -9 in, . 

9*04 

6*23 

15*27 

9 in.— (5 ft.— 6 

2*96 

A* 95::: ; 

7*91 


r 
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Table II 


Comparison of the data of the fre&sesquioxide obtained by the m ethods of Hardy and 

of Drosdoff and Truog 


Soil No. 


Oven dry basis 


s method 

Hardy’s method 

.Drosdoff and Tniog’ 

Per cent 
free 
Ai 203 

Per cent 
free 

Per cent ■ i 
free ■ ' ■ I 
■ siOg, ■ i 

_ i 

' Per cent 
free 
AlgOg 

: Per cent 
free 

33p . 

6-33 

, 3-47 

'.'i 

0-0919 1 

0-495 

6-01 

34p . . 

6*74 

3-97 

0-1038 ! 

0-757 

6-42 

36p 

7*62 

4-68 

0-1349 1 

0*497 

j ■ 7-37 

63p 

1*86 

3-26 

0-1197 1 

■ . 0-62.2. 

1 .4-74' 

54p . . 

1*94 

4-40 

0-1716 1 

:.0-764'. 

■ ■■ 6-70' 

55p '■ ■. . . . ' ' ■ . 

1-44 

3-78 

0-1603 = 

0*477 

6-70 

56p . 

9-53 

7-10 

0-1826 

. 0-622 

■7-78' 

57p / . 

9>62 

i' . 7*37 

0-1954 

1-066 ! 

8*21 

A8p . . 

11*64 

;6-90; 

0-2174 

: : 1- 007 

7-42 

69p . . 

13-70 ' 

7-99 

0*1847 

0-819 

11-61 

60p . , f 

20-84 

10-00 

0-1080 

0-617 

1,6-47 

61p , , 1 

17-34 I 

7-18 j 

0-1193 

0*303 

11*67 

62p , . ; 

17-01 : 

■ . ■ i 

7*07 : 

0-1614 

0*396 1 

10-22 


Discussion 

^ It wiU be seen from Table T that the percentages free iron oxides in the soils 
bear no relation to the percentages of free alumina. It is also found that in 
the case of the Dacca profile the contents of both alumina ajirl of iron oxide 
increase down the profile. In the case of the profile from the Suri, the per- 
centages of both oxides show a maximum at an intermediate depth. The pro- 
file from Himayetsagar shows a nainimum percentage of free alumina at inter- 
mediate depth, whilst the percentage of free iron oxide shows a maximum 
at an intermediate depth. In the case of Telankheri profile at Nagpur, 
the percentage of free alumina decreases down the profile, whilst the per- 
centage of free iron oxide shows a maximum at an intermediate depth. ^ In 
lihe c^e of the Kaipur profile in the Central Provinces both the percentages of 

increase as the depth of the profile increases.'' The 
profiles from the Nfipri Hills, in general, show a maximum concentration of 
aiumma and iron oxide at an intermediate depth, of the profile. 

Except in the case of soils from Nagpur and Nilgiri Hills (2) and (3) 
and the top layer of Guntur soils the percentage of free alumina in the soil 
samples is never very high, so that, judged from the point of view of Bauer 
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aE the 80-caUed-lateritic soils of India in Table I, cannot be classed as late- 
rites or lateritic. This conclusion also appears to be evident from a considera- 
tion of the SiOa/Al^^Og and SiOg/AlgOg + FeaOs ratios of the clay fractions*. 
The Si 02 /Ala 03 ratios of clajj^ fractions are often greater than 2 which suggest 
that the soils cannot be classed as laterites or lateiitic in the sense of the defini- 
tion by Martin and Doyne [1930], although they are known to be such by the 
departments of Agriculture of the respective provinces from where the soils 
were collected. 

' The data in Table II indicate that the percentages of the free alumina 

obtained by Hardy’s method are much higher than those obtained by the me- 
thod of Drosdoff and Truog. On the other hand, the percentages of iron 
oxides obtained by Hardy’s method are somewhat smaller. There appears to 
be no parallelism between the results obtained by the two methods. In view 
of the considerations set forth above, it is felt desirable to examine more 

closely the validity and usefulness of different methods for estimating the free 

sesquioxide components in Indian lateritic soils. Such investigations are in 
j progress. 

Thanks of the authors are due to Prof. J. C. Ghosh for his kind interest 
during the progress of this work and to the Imperial Council of Agricultural 
Research by whose grant the soil samples used in the present investigation were 
collected. Thanks are also due to the Bengal Government for the award, 
to one of the authors (M. S.), of a research scholarship which has enabled him 
to carry out this work. 

Summary 


I 


i 




n] 


1. The percentages of free sesquioxides in .Indian lateritic and red soils 
have been determined on profile basis following the methods devised by Hardy 
and by Drosdoff and Trnog. 

2. The percentages of free iron oxides obtained by Hardy’s method are 
somewhat smaller than those obtained by the method of Drosdoff and Trnog. 

S. The percentages of free alumina obtained by Hardy’s procednre are, 
on the other hand, much higher than those obtained by the other method. 
4. There is no correlation between the results obtained by the two methods . 
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THE DEPTH OF THE SURFACE LAYER OF THE SOIL 
TAKING PART IN THE DIURNAL EXCHANGE OF 
MOISTURE WITH THE AIR LAYERS 
NEAR THE GROUND 


BY 

A. K. MALLIK, M.So., B.Sc. (Ag.), Assoo. I.A.RJ. 

Assistant Agricultural Meteorologist, Meteorological Office, Poona 
(Received for publication on 16 August 1939) 

iNTEODtTOTIOSr 

I T has been shown in a series of papers [Katti, 1935 ; Ramdas, 1934 ; Ram- 
das et al., 1934, 1935, 1936, 1938, 1939 ] that during the clear season at 
Poona when the ‘ surface layer ’ of the soil is so dry as to contain hygroscopic 
moisture only, the soil loses moisture by evaporation into the atmosphere 
from morning till afternoon but from the afternoon till the next morning it 
absorbs from the atmosphere more or less all the moisture lost during the eariier 
part of the day. Thus there is a regular sequence of maximum and minimum 
moisture content epochs of the soil at about the minimum and the maximum 
temperature epochs respectively. The exchange of moisture is greatest in 
the b ack cotton soil, much less in the alluvial soil and practically absent in 
quartz powder. The exchange of moisture is confined to the surface layer 
of the soil but the exact thickness of the layer involved in the diurnal exchange 
of moisture remained to be found out. This problem received attention 
during the clear season of 1939. The clear season at Poona is characterized 
by cloudless skies, a large diurnal range of temperature and of relative humidity 
and feeble air movements. During the period March to June 1939 some ex- 
periments were made to find out the exact thickness of the ‘ surface layer ’ 
of the soi exchanging moisture -with the air layers near the ground. A short 
note on the subject describing only the results in the case of the black cotton 
soil of Poona was published recently. In the present paper the results ob- 
tained with some other typical Ind.an soils are discussed in detail. 

Matebials and methods 

A series of cylindrical brass ve.ssels 4*75 cm. in diameter were made 
with thefr tops open and the bottoms closed. The series of cylinders were 
made with increasing heights for exposing soils with depths rang'ng from 1 
to 40 mm. The soils under study, thoroughly air-dried and passed through 
a 1 mm. sieve, were filled in these pots, the actual depths of soil being 1, 2, 
3, 4, 5, 10, 20 and 40 mm. respectively. These vessels were kept embedded 
m the ground with their tops fully exposed. It was arranged that the sur- 
face of the soil in each experimental vessel was at the same level as that of the 
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DIUBNAL EXCHANGE OF MOISTUBl 


tSTAr “TndTS ^ *“! »r 

the atmosphere*” process of exigewiS 

me atmosphere The foUo^mg soils were inoltided in the study ;— 

(i) Black cotton soil of Poona. 

(ii) Red soil of Bangalore. 

(iii) AUnvial soil of Lyallpur. 

(iv) Sandy soil of Trivandrum, 


Statement of bestjlts 


(a) Exchange of moisture by the black cotton soil of Poona as shmm by the maxi- 
^ and minimum weights 

o A fif in the vessels ranging from 1 to 40 mm. in denth 

and May TS open on a series of clear days in March, April 

a May 1939. The maximum and mmimum weights were obtained bv 

we^tog these t,s»Is with the sofl at 6 A.M. in the m<,min| ZTLu 
m the afternoon tespeetiwely. Tablee l («), (6). (o) and (d) give the difiioi 

S SetSS ZST of “0 on 


Table !(«) 

Black cotton so il of Poona {maximum-minimum weight in gm.) 


Depth of soil 
(mm.) 


23-3-1939 24-3-1939 I 26-3-1939 


26-3-1939 


0-1945 


0-1962 0-1902 


0-1918 1 0-1929 


0-3532 


0-3612 0-3610 


0-3808 i 0-3640 


0-4640 


0-5016 0-6248 


0-4986 : 0-4972 


0-5818 


0-5688 0-6544 


0-6140 I 0-6798 


0-6918 0-6666 0-6304 


0-6532 ; 0-6600 


0-7808 0-7708 I 0-7634 


0-7732 I 0-7720 


0-7402 0-7418 1 0-7676 


0-7104 : 0-7373 


0-7216 0-6808 0-7302 


0-7096 0-7108 


I 
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Table 1 ( 6 ) 

Black cotton soil of Poona {maximum-minimum weight m gnu) 


Depth of soil 
(mm.) 


5-4-1939 I 6-4-1939 


■ 7 - 4-1939 


8 - 4-1939 


M«}an 


0*2748 

0*3262 

0*4608 

0*5542 

0*7630 

0*9436 

0*9008 

0*9088 


0*2576 

0*3140 

0*4462 

0*5984 

0*7958 

0*9920 

0*9546 

0*9420 


0*2828 

0*3462 

0*4470 

0*5296 

0*7428 

0*9912 

0*9008 

0*8600 


0*2684 

0*3624 

0*4932 

0*5998 

0*7066 

0*9296 

0*8994 

0*8784 


. 0*2079 
0 * 3372 : 
0*4618 
, 0*6706 
■ 0‘"7520 
0*9641 
0*9139 
0*8973 


Table I (c) 

Black cotton soil of Poona {maximum-7mnimum weight in gm,) 


of soil 
n.) 


24-4-1939 


25-4-1939 


26-4-1939 


0*2488 

0*5964 

0*8838 

0*9242 


0*2452 

0*5028 

0*7320 

0*7672 

0*7304 

0*7288 


0*1592 

0*3600 

0*5244 

0*5264 

0*4816 

0*4672 

0*4680 

0*4660 


0*2177 

0*4864 

0*7135 

0*7363 

0*7229 

0*6995 

0*6941 

0*6926 

0*6849 

0..-6727 


DfUKNAL EXOHANGJi OK MOISTURE 

Tablb I (d) 

Blaeh cotton .'soil of Poona {maximum-minim%m weight in gm.) 


Depth of soil 
(mra.) 


1-6-1939 


2-5-1939 


3-6-1939 


1 

■ 0'2104 . 

i 

0*2407 

1, 

0*1836 

0-2116 

:■■■ '3 

0-3263 

0-3486 

0-3046 

0-3266 

B 

0-6810 

0-6948 

' 0-6624 

0-6794 

10 

0*8606 

0-8876 

0-7060 

0-8147 

16 

0*8300 

0-8696 

0*6908 

0*7901 

20 

0*8108 

0'8132 

0-6824 

0-7688 

26 

0*8064 

0-8084 

0-6788 

0-7642 

30 

0*7986 ' 

0-8002 

0-6742 

0-7677 

36 

0*7914 

0-7908 

0-6740 

0-7621 

40 

0*7788 

0-7826 

0-6724 

0-7446 


(6) ExcUnge of moisture by the red sml of Bangalore as shotm by the maximum 

and minimum weights 

As in the case of Poona soil, the vessels filled with the red soil of Bangalore 
were exposed during the period 24th Aprfi 1939 to 3rd May 1939 and the 
maximum and minimum weights were determined by weighing at 6 a.m. 
and 2 p.m. respectively. Tables 11(a) and {b) give the diiference between the 
maximum and minimum weights in gm. for various depths. 

Table II (a) 




Depth of soil 
(mm.) 

1 

24-4-1939 

26-4-1939 

26-4-1939 

■, /Mean 

V^.l" 

0*0304 

0-0238 

0-0276 

0*0273 

3 

0-0962 

0-0666 

0-0396 

0-0636 

5 

0*1472 

0-0968 

0-0734 

0-1058 

10 

0*2532 

0-1826 

0*1334 

0-1897 

15 

0-3668 

0-2320 

0-1666 

0-2516 

02 

0-3996 

0-2736 

0-1884 

0-2872 

25 

0-3668 

0-2684 

0-1698 

0-2650 

30 

! 0-3616 

0-2472 

0-1694 

0-2627 

35 

i 0-3262 

r-' 

0-2398 

0-1698 

0-2419 

40 

j 0*3128 

0-2308 

0-1622 

1 0-2319 
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Table II (6) 

Red soil of Bangalore (mamnium-rfiinimum weight in gm.) 


Depth of soil 
(mm.) 

1-54939 

2-54939 

1 3-6-1939 

iVleaii 

■ . 1 ■■ 

0-0a38 

0*0280 

! 0-024K 

j 0-02i>0 

3 

0*0506 

0*0564 

0*0546 

i o-or.39 

6 

0*0902 

0*0946 

j 0*1002 

, 0-0950 

10 

0-1784 

■'■0*1806 

^ 0*1748' 

! 0-1779 

15 

0-2686 

0*2752 -I 

' 0*2213 ' ■ 

j 0-266O 

20 

0-3198 

■ 0*3244 1 

0*2936 

0-312ii 

25 

0-3104 

0-3128 ^ 

0*2600 1 

0-29.)! 

30 

0-3068 

0*2898 I 

0*2484 ! 

1 

0-2817 

35 

0*2924 

0*2880 

0*2422 

0-2742 

40 

0*2868 

0*2864 : 

0*2400 

0-27fl 


(c) Exchange of moisture by the alluvial soil of Lyallpur as sh/u-n by the maximum 

and minimum weights 

The vessels were filled with alluvial soil ol:' Lyallpur and expcwed during 
the period 6th April 1939 to 13th May 1939. The inaxiiuuii! and the niiniimnu 
weights were determined by weighing these vessels at 6 a..m. and 2 i'.jvj. res- 
pectively. Tables III (a) and (b) give the difierence between the maximum 
and minimum weights in gm. for various depths of soil. 


Table III (a) 

Alluvial soil of Lyallpur {maxinmm-mininmm. weight in gm,} 


Depth of soil 
(mm.) 

5-44939 

: 6-4-1939 

7-4-1939 

8-4- 1939 

IICIMI 

1 

0*0464 

j 0-0260 

1 

1 0-0342 

1 0*0346 , 

0*0353 

2 

0*0520 

0-0644 

I. 

0-0668 

0-0508 

0*0560 

3 

0-0600 

1 

1 '0-0816 

0*0960 

0*0764 

0-0786 

4 

I 0*0834 

0-1436 

04618 

0-1338 

0-1307 

5 

0*1176 

0-1840 

0-1992 

0-1636 

0-1636 

10 

0-1347 

0-2006 

0*2312 

0-1884 

0-1887 

20 

0*1956 

0-3208 

0*3496 

0-2774 : 

0-2869 

40 

0*1856 

I 0-3066 

0*3304. 

0-2684 j 

0-2700 
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8 - 5-1939 

9 - 6-1939 

10 - 5-1939 

11 - 6-1939 

12 - 5-1939 

13 - 5 - 1939 ,,' 

Mean 

0-0260 

0-0166 

0 - 0280 "" 

0-0204 

0*0276 

0*0292 

0-0246 

0-0466 

0-0964 

0-0448 

1 0-0648 

0*0985 

0-0684 

0*0681 

0*0828 1 

0*1804 

0-1322 

1 0-0848 

0-1626 

0*1946 

0*1896 

0-1660 

0*2028 

0-1646 

' 0-1147 

0-2096 1 

0*2648 

0*1871 

0-2072 

0-2867 

0-2004 

0-1642 

0-2998 

0*3264 

0-2474 

0-2438 

0-3404 

0-2336 

0-1818 

0-3964 

0*4022 

0-2987 

0-2646 

0-3498 

0-2390 

0-1940 

0-4092 

0-4002 

0-8076 

0 - 23 X 4 

0-3444 

0-2310 

0-1832 

0-3408 

0-3796 

0-2851 

0-2014 

0-3284 

0-2272 

0*1706 1 

0-3246 

0*3468 

: 0-2666 

0-2000 

0-3022 

0-2096 

0-1602 1 

0-3018 

0-3242 

0-2497 


(d) Exchange of moisture by the sandy soil of Trivandrum as shown by the maxi- 
mum and minimum weights 

The vessels were lastly filled with sand and exposed to the open during 
the period 30th May 1939 to 2nd June 1939. The maximum and the minimum 
weights were determined by weighing these vessels at 6 a.m. and 2 p.m. 
respectively. 

Table IV gives the difference between the maximum and the minimum 
weights in gm. for various depths of soil on different days. 

Table IV 

Sandy so il of Trivandru m {max imum-minimum weight in gm.) 


30 - 5-1939 

31 - 6-1939 

1 - 6-1939 

2 - 6-1939 ! 

Mean 

0-0000 

0-0000 

0-0000 

0-0000 

0-0000 

0-0000 

0-0000 

0-0000 

0-0000 ■ 

0-0000 

0-0000 

0-0000 

1 

0-0000 

0-0000 

0-0000 

0-0000 

0-0000 j 

0-0000 1 

0-0000 1 

0-0000 

0-0003 

0-0004 j 

0*0000 

0-0000 j 

0-0002 

0-0030 

0-0042 

0*0002 

0-0002 

0-0019 

0-0289 

0-0316 

0*0162 

0-0142 

0-0227 

0-0296 

0*0380 i 

0*0164 

0-0148 

0-0247 

0-0388 

0-0484 

0-0246 

0-0226 

0-0341 

0-0412 

0-0508 

0-0316 

0-0302 

0-0383 

0*0404 

0-0540 

0-0398 

0*0324 

0-0431 

0-0470 

0-0548 

0*0400 

0-0328 

0-0437 







Thus it is seen that although the amount of moisture exchanged is maxi- 
mum, the depth to which this moisture exchange extends is minimum in the 
Poona soil. On the other hand, in the sandy sod of Trivandrum, the moisture 
exchange penetrates much deeper although the amount of moistime exchanged 
is very small. As is well known, the black cotton soil contains a very high 
clay fraction and is therefore the least porous, whereas the sandy soil of Tri- 
vandrum is free of clay and is therefore the most porous of the soils examined. 
It appears, therefore, that the exact depth of soil involved in the diurnal ex- 
change of moisture increases with the porosity of the soil. 

* From the tables it will be noticed that there is a slight tendency for the 
d^erence between the maximum and the minimum weights of the soils to decrease 
with depth below the depth of maximum difference. This secondary effect was 
noticed systematically in all the experiments and is presumably due to heat conducted 
to the interior layers of the soil samples through the sides of the metallic vessels. This 
secondary effect will be examined in detail during the next clear season. 
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Discussion 


An examination of the above tables will show that on clear days the 
‘ surface layer ’ of the soil is constantly exchanging moisture with the air 
layers near the ground. The amplitude of this moisture exchange is found 
to be greatest in the black cotton soil of Poona and least in the sandy soil 
of Trivandrum. Also the amplitudes of the soils studied are in about the same 
relation as found by Ramdas and Katti [ 1934, 2]. 

It is also seen from the tables that in all the soils examined the amount 
of moistui-e exchanged goes on increasing till a certain depth is reached be- 
yond which the amplitude of variation does not show much change with 
further increase in the depth of soil.* The above depth indicates the actual 
thickness of the surface layer which is taking part in the diurnal exchange 
of moisture between the soil and the air layers near the ground. The exact 
depth of soil involved is different in the different types of soils. Table V 
gives the depth of soil exchanging moisture with the atmosphere in the case 
of the four types of soils studied. 


Table V 


Type of soil 

1 "■ : 

1 Depth of soil 

involved in the diuKial 
exchange of moisture 
(mm.) 

Mean inaxiinum 
amplitude of viyriation 
in weight 
.gm. per sq, cm. 

1. Black cotton soil of Poona 

■ 10 ' • 

0-0460 

2. Bed soil of Bangalore 

'■ 20 . , 1 

0-0169 

3. Alluvial soil of Lay allpur 

25 

0*0167 

4. Sandy soil of Trivandrum j 

More than 40 

0-0025 
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Summary AND conclusions 

On clear days there is an exchange of moisture between ‘ surface layer ’ 
ol soil containing hygroscopic moisture only and the air layers near the ground, 
ibe amphtude of the diurnal exchange of moisture is maximum in the black 
cotton soil of Poona a,nd minimum in the sandy soil of Trivandrum. 

The depth to which this moisture exchange extends is different in diffe- 
rent soils being smallest in the black cotton soil of Poona and greatest !n the 

^ Trivandrum, the red soil of Bangalore and the alluvial soil 

ot Lyallpur having intermediate values. 

Experiments with the different components of the soil obtained by me- 
chanical analysis will be undertaken during the next clear season. 

My best thanks are due to Dr. L. A. Ramdas, Agr'cultural Meteorologist 
tor suggesting the problem and for guidance during the course of the work, 

REFERENCES 

Katti, M. S. (1935). Current Sci, 4:1^ 

Eamdas, L. A. (1934). Current 8cL 4^4:6 

Kamdas, L. A. and Katti, M. S. (1934, 1). Ind. J. Agric. Sci. 4, 923 

— — (1934, 2). Current ScL 3, 24 

- —(1935)* Current ScL 612 

— — (1936). Ind, J: Agric. ScL 6, 1163 

Bamdas L. A. and Maliik, A. K. (1938). Current ScL 6, 452 

— — (1939). Current Sci. 4, 164 






CONVEESION OF CANE MOLASSES INTO MANUBE BY 
THE BIOLOGICAL METHOH AND THE EESULTS Of- 
THE CEOPPING TESTS WITH THE MANURES 
PREPARED (1938-39) 


BY 


H. D. SEN, M.Sc., PH.r).(L0KD.), D.T.O. 

Biochemist, Imperial Institute of Sugar Technology, India, Oawnpore 
(Received for publication on 10 August 1039) 

'THE application of molasses to soil for use as manure has been a subject of 
•a research for a fairly long time and the uncertainty in the results so far 
obtained by (Merent workers may be ascribed to the fkct that inolass^ on 
fermentation in the soil lead to the production of acids, which retard the plant 
growth. In cases of application of molasses in soil in comparatively small 
doses, where the alkalinity of the soil is sufficient to cope with the acid pro 
duced as a result of fermentation, deleteriou.s effect is not so very evident 
but when molasses is applied in heavy doses the depressant action is verv 
Significant. ' » 

Gainy [1923] workmg on the influence of hydrogen-ion concentrati<,n on 
the powth and fixatmn of nitrogen by cultures of azotobactor, finds off 
0-9 to 6-0 as the hnutmg pH below which no fixaiion of nitrogen t;an take 
place. Soil hapng acidity below 6 • 0 showed complete absence of azotobactor. 
If, however, calcimn carbonate is added to reduce the acidity, such .soil was 

found to fpom the growth of azotobacter. Addition of moi acids l<ids to 
its complete disappearance. 

Hence it is very likely that when molasses is applied directly into tl.e soil 
particularly m heavy doses, there wiU be nitrogen loss instep of n rormn 
nxation due to greater acid accumulation ^ ' 

^ ParamamE, Rao and Lai [1937], working on cane yield, observed the bene- 
ficial effect of usi^ molasses along with ammonium sulphate particulirlv 
malkahne soils. This leads one to conclude that whereas themTS^^^^^ 
loss when heavy dose of carbohydrate material is aiiplied this is inrti'div 
avoided when the carbohydrate is applied in coninnf.+ivi ..-ui ’ 
ti„„ of .natoiial. i.e. 

The mechanism of reaction takim^ nlace in Ibp r ' I . 

deoomjK.Bition products ^ “■* "itrogenou. 

of dried pe«t. Xyerd 
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Narayana [1932] pointed out that extracts of fermented fariByard manure 

are more effective in stimulating plant growth than fresh farmyard manure. 

Desai and Fazal-ud-Bin [1938] have carried out experiments in which the 
presence of yeast has led to the thriving of symbiotic soil flora, such as 
Colstrydium acetobutyUcum, in soil. These do not thrive on carbohydrate 
materials as such, but become active in presence of yeast. 

I Bhaskaran and Subramanyan [1937] showed that, whereas organic acids 

have definite deleterious effect, their calcium salts led to greater nitrogen 
fixation.: 

Tinkler [1937] stated that apex of rootlets produce substances capable 
of regulating the growth and that these substances could be transferred to 
other seedlings. A wide search for a ready source of these compounds re- 
vealed that they are contained in small quantities of urine. 

Kogl [1937] established the constitution of the active substance to be of 
the class of indolyl acetic, propionic, butyric acids, etc. and their esters. 
Skatole which is p methyl indole has been proved to be active and so are 
a and p napthelene acetic acids. 

The fermented molasses solution contains yeast, calcium salts of acetic, 
propionic, butyric acids, etc. and also nitrogen decomposition products, such 
as indole, acetic, butyric, propionic acids and their esters and also skatole and 
as such are likely to be more beneficial to plant growth than molasses itself. 

The main difficulty in the use of molasses directly in the soil lies in the 
fact that it is to be applied in a diluted form and a large bulk of water is 
necessary for the purpose. The application of such diluted solution in the 
field invariably spreads an unbearable smell all along the water channel 
leading such polluted water, and particularly m cases where there is an 
accumulation of dilute molasses solution in pits. 

The complex bacterial population of the soil and the uncertain results 
that might happen if molasses is directly applied and the problem of conversion 
of large quantities of molasses into manure in a comparatively short time led 
the author to devise a simple method, the details of which will be discussed 
in the present paper. 

The working of the process depends on the increased production of yeast 
ceU body by carrying on fermentation at the neutral point under conditions 
of heavy aeration the acidity being intermittently neutralized with milk of 
lime. The course of fermentation under the above circumstances is diverted 
, not to the production of alcohol and carbon dioxide but to the theoretical 

preliminary formation of aldol and subsequent formation of products lil^e 
glycerol which is further taken up by the yeast cells to increase their body. 
Thus increased yield of yeast is obtained with simultaneous production of 
calcium salts of organic acids. 

^ The prevention of loss of nitrogen by administering molasses along with 

i ammonium sulphate or the existence of carbon-nitrogen ratio may be explained 

by the theory that as a result of fermentation of sugars present in molasses 
yeast is initially formed, which is produced in increased yield due to the applica- 
tion along with it of small quantities of ammonium sulphate or phosphate, 
^ acting as nutrient. 
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That ^ration with neutralization of the acidity so as to maintain a ■pHt 
of 7-0 during fermentation gives increased yield of yeast has been confirmed 
by a study of the yeast yield where instead of milk of lime sodium carbonate 
solution was added to neutralize the acidity. The addition of 1-5 per cent of 
ammonium sulphate gave definite increased yeast yields (about three times 
the control) while addition of ammonium phosphate gave the higbe.st yield 
(about six times). Thus it seems that there is not only (carbon-nitrogen ratio 
but carbon-nitrogen-phosphoras ratio. ' ' 

Although the duration of aeration in the preliminary experiments wa.s 
eight hours every day for three days, i.e. 24 hours, an aeration for a period of 
72 hours, i.e. continued aeration for three days was found to be nnjst benelicial. 

Process of manufacturing manure from molasses 

The process of manufacturing manure from molasses consists in construct 
ing three masonry tanks 10-ft. x 10-ft. x 8-ft. (4,984 gallons) having pipe lines 
from an ah blower, the main pipe line being 2-in. in diameter, connected to 
t^ee parallel 1-m. pipe lines in the middle of each tank. The central 1-in 
pipe line m each tank has three |-in. pipe lines running at right angles to it and 
bending downwards to 1-ft. from the base so as not to disturb the sludse 
collected at the bottom. Each tank is provided with a centrifugal pump for 

the transference of the fermented liquor to the next tank ‘ 

Seventy-five maunds of molasses (88 brix) is diluted' with 3,000 gallons of 
water (13 bnx) in the first tank to which 75 maunds of filter press mu Ms 
thoroughly ncorporated. Sixty gallons of active wash made three days earlii 
by adding to a solution of 1 md. of molasses in (iO gallons of water Tn a 
wooden cask of that capachy to which 12 gaUons (1 /Sth) of active wash (prepart 
ed from pure yeast, S. Blhpsoidus, in the Laboratory) is added. Tiiis iSm 
gated m six casks containing 360 gaUons of active wksh. One-fifth is'left n the 
fermenting casks. Two hundred and forty gaUons (5 maunds molas.ses) 1 mkled 
to the wash prepareci above. Half a maund of ammonium pliosphate (iS fos 
of Impenal Chemical Industries containing 17 per cent nitrogen aS 17 een? 
phosph()rus IS added to the wash and aeration started with inter, fit tern tn ft' 
t.on of lime (12 Be) every four ho™. At the eud oflfh™^ 
fermenW Ijquor transfensd to the second tank leaving the cl uh e I L 

ISL*'?’ ■ “fr™ phojphate added and aeration rtartcd “fth iXm f 
tent addition of lime everv four hours Tn . \\ nueimit- 

charged with fresh 76 mds. of molassetand 76 nids of 

The first charge of liquor which has n^wrli +p^lrn'T added, 

thhd and i .a, 
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On the fourth and fifth days no fresh charge of molasses is made but there 
is transference of the third charge into the second and third tanks. 

On the sixth day the sludge collected in all the three tanks is transferred 
to shalow cemented masonry beds for sun-drying and manure eventually 
packed in bags and sent to the cane fields. The fermented liquor, which is 
quite harmless after treatment, is sent through water channels to the cane 
fields. At the end of a week thus 240 mds. of molasses and an equal quantity 
of filter press mud will receive, treatment yielding about 40 per cent manure on 
the total weight, i.e. 172 mds. besides 9,000 gallons of fermented liquor having 
high manurial value. 


Expenses— Rs. As. 

Cost of exhaust molasses 240 mds, @ 4 annas per md. . . 60 0 

Filter press cake @ 6 pies per md. , . , . . . 7 8 

Nicifos @ 6/- per md., mds. contaming 17 per cent JST and 

17 per cent P . . . , . . 27 0 

Lime 40 mds. @ 8 annas per md. . , . . . 20 0 

Electricity @1 anna per unit 24 KWH. . . . ,18 

Labour, 2 coolies @ 5 annas per day for six days . . . 3 12 


Total Rs. 119 12 

Cost of 170 mds. of manure (N. 1*0 per cent) 119-12 =Rs. 120. 

Cost per md. of manure — /ll/3 = 12 annas only. 

Experimental 

Sen and Dutta [1937] and Sen [1938] have studied the nitrogen distribution 
in the sludge and the fermented liquor where 50 mds. of molasses was diluted 
with 6,000 gallons of w'ater under conditions where acids were allowed to 
accumulate as compared with those where the acids were neutralized with 
milk of lime (12 Be) using a mixed bacilli obtained by self-fermentation of 
molasses consisting of B. coli, yeast, acetic, and lactic bacteria. In case of 
acid fermentation the supernatent fermented liquor was taken to an adjoining 
tank and neutralized with lime. The sludge separated in both tanks were 
collected, sun-dried, weighed and analysed. The data obtained are shown in 
tables I(a)-(c). 


Table I (a) 


Description 

Weight 

taken 

Dry matter 
per cent 

Total N 
per cent 

Total N in 
dry substance 
in lb. 

Original molasses 

*50 mds. 

1 

73*8 

i 

0*514 

15*64 

1. Manure by acid fermenta- 
■■tion' - 

2. Manure from chemical 

treatment tank 1 

3. Exit Water 

10—10 

21—00 

6,000 gall. 

! 

94*7 

100-0 

1*684 

0*0043 

2 • 6 parts 
per 100,000 
parts 

13- 17 

0- 07 

1- 66 

14- 80 



176 


THE INDIAN JOUENAL OF AGBIOULTUEAL SCIENCE [X 


Table I (6) 


Description 

Weight 

taken 

Dry matter 
per cent 

Tots’! N 
per cent 

Total N in 
dry subs- 
tance in lb.,. 

Original molasses 

50 mds. 

73-8 

0-514 

■15*64 " 

1* Manure obtained by acid 

1 11 mds. 

100-0 1 

1-54 

,13-94, , 

fermentation 

1 .i 


1 , : 


2. Manure obtained from che- 

18 mds., 

100-0 

0-14 

2-06 , 

mical treatment tank 

! 8 srs. 




3, Exit water 

6,000 galls. 


2 * 5 I'larts 

1*50 




in 100,000 



1 

1 

parts 

17-60 


Table I (c) 

Fennentation, with intermittent neutralization with milk of lime 


Original molasses 

50 mds. 

73-8 

0*514 

1.5 -tM 

1. Manure by intermittent ad- 

24 mds.. 

100-0 

1-23 

1 

24-0 

dition of lime with heavy 
aeration 

20 srs. 




2 Exit water . . . 

6,000 galls. 


8-24 parts 
in 100,000 

: 4-9 

i 

1 


1 

parts 

2S-94 

i 


Tte above figures indicate that, in cases where fermentation is carried 
out without aeration, organic acids are allowed to accumulate and the wash 
is saturated with carbon dioxide gas, only 84 •0-89-1 per cent of the total 
nitrogen present in the original molasses is fixed in the sludge, 10 • 4 per cent re- 
main in the fermented liquor and the rest is lost ; while in cases of interm.ttent 
neutralization with heavy aeration there is distinct evidence of nitrogen fixa- 
tion, the total increase in the sludge and the fermented liquor being 185 per 
cent, i.e. near y double the original nitrogen content. 

Effect of using pure yeast instead of mixed bacteria 
In the later experiments it was found that the nitrogen content of the 
sludge increased de&iitely by using a pure oultuie of yeast instead of a mixed 
bacteria. The percentage of nitrogen in the sludge increased where there was 
preponderance of yeast cells. Whereas by using mixed bacteria with inter- 
mittent addition of lime a sludge containing 0-92 per cent nitrogen was ob- 
tained, pure yeast gave a sludge -with a nitrogen content of 1 • 84 while a sludge 
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with a nitrogen content of 2 - 1 per cent was obtained when equal mixtures of 
molasses and filter press cake were fermented with lime addition. The waxes, 
gums and organic matters present in the filter press cake gave comparatively 
more nutrient for the growth of the yeast body. 

The nitrogen balance in molasses and manure obtained from a mixture 
of molasses and press cake using pure yeast are given in table IT. 

Table II 

Fermentation of a mixture of molasses and filter press cake with aeration and 
intermittent addition of lime using pure yeast 


Description 

Weight 

taken 

(mds.) 

I 

Dry 

matter 

per 

cent 

Dry 

matter 

(md.) 

i 

Nitrogen 
per cent on 
dry matter 

Total N in 
dry subs- 
tance in mds. 

Molasses .... 

50 

1 

1 ■ ■82*0 

1 

s 41 : 

0*27 
(on wet 
molasses) 

0-1107 

Press mud .... 

50 

; 30-0 

15 

0-9 

0-0014 


■:■■■■ ■ .'] 




0-1121 

1 . Manure with intermittent 
lime addition and aeration 

■ V53 ■ i 

33 ‘0 

17*6 

1*46 

0-25 

2. Exit water 

6,000 ; 



9 • 9 parts 
in 100,000 
parts 

0-072 

0-322 


There is thus evidence of still greater nitrogen fixation when molasses is 
used in conjunction with filter press cake using pure yeast. 

Yield of yeast when fermentation is carried out at the neutral point with aeration 

To ascertain whether by carrying out the fermentation at the neutral point, 
there is increase in the yeast yield a series of experiments were undertaken 
by Sen and Dutta [1938]. In these experiments milk of Hme was replaced 
by a solution of sodium carbonate so that the results may not be vitiated by the 
presence of calcium salts. The yeast obtained was separated by centrifuging 
and wet yields (moisture 50 per cent) were determined after washing the yeast 
sediment twice with distilled water to remove the sodium salts. The data 
obtained are given in table III. 
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The resnits indicate that : 

1. The yield of yeast is least when the fermentation is carried out without 
aeration or intermittent neutralization of sodium carbonate, 

2. The yield of yeast increases about 1| times under aeration and inter- 
mittent neutralization with sodium carbonate during 72 hours. 

3. The increase in the yeast production is not so much when neutralization 
is carried out with sodium sulphite although it is decidedly greater by at least 
one third the yield obtained without aeration or neutralization. 

4. The use of ammonium sulphate 1-5 per cent on molasses augments the 
yield to about three times that obtained without aeration or neutralization. 

5. The use of ammonium phosphate as neutrient in the proportion of 
1-5 per cent molasses increases the yield to about six times that obtained with- 
out aeration or neutralization. 

6. The yield of yeast increases with increasing dilution of molasses solution. 
Molasses solution fermented as 1* 017 gave yeast yield two to three times as 
great as that obtained at 1*052. Molasses solution fermented at 1*034 gave 
yield twice as great. 

The preliminary experiments show that yeast yield is definitely increased 
when fermentation is carried out at the neutral point with aeration and that 
ammonium phosphate and ammonium sulphate (1-5 per cent) augment it 
considerably (six to three times), the former having more marked result. 

On the basis of the above experiments manures have been prepared from 
molasses under the following conditions : — 

1, Molasses fermented with intermittent addition "of lime at the interval 
of four hours with continuous aeration during 72 hours, 

2. Molasses and filter press cake mixed in equal proportions fermented 
with intermittent addition of lime at the interval of every four hours with 
continuous aeration during 72 hours. 

A portion of the fermented liquor after separation of the sludge was con- 
centrated in each case. Samples of the sludge and fermented wash concentrates 
have been set apart for complete analysis of organic and inorganic constituents. 
The analyses are in progress. 

A qualitative micro-test of the samples will reveal whether besides yeast 
there are present calcium salts of acetic, propionic, butyric acids and also indol 
and skatole, acetic, propionic, butyric acids or their esters which are active 
plant harmones. 

An investigation is also in progress to determine how the course of fermenta- 
tion is diverted under conditions of heavy aeration and constant neutralization 
of the acidity with alkali salts. It is presumed that under the above conditions 
the course of fermentation is diverted leading to less production of alcohol 
and more of yeast cell body. 

CBOFPm^ WITH THE MAHTOES PBEPAHEB FBOM MOLASSES 

1938-39 EXPEBIMENTS 

Mr. P. B. Richards, I. A. S., Director of Agriculture, United Provinces, 
took a great interest in the newly prepared manure and allotted a piece of 
land, about three acres at the Kalyanpur farm, United Provinces. The plot 
selected had not received any manurial treatment. 




180 the . INDIAN- JOURNAL OF AGRIGULTUBAL SGIINOE - ; . j X 

There were nine treatments with six replications 40 ft. x 31-1) ft. and each 
plot split into three sub-plots having three varieties of cane — Co 313, Co 312 
and Co 331— early,.: medium and late varieties. The majiiires were a|)plied 
in randomised blocks distributed according to the schemes sliowii below. 

The distance between two sub-plots was 7 ft), longitudinally and 5 ft. on the 
broad side. Two rows of cane between varietal treatment in <wh sub-plot 
were left out during harvesting, while two rows in between two sub-plots 
received no manurial treatment. The area of each siil)-p]ot was ]/30tli of an 
acre which was sub-divided into three .smaller plots having different cane 
variety, and measuring l/90th of an acre. 

, . Pariic-ulars , ■ 

Date of sowing . ■ ■. ■ , , . 2iicl March 1§38 

Previous irrigation to sowing . . . . . 20th February 19 38 

After sowing, irrigation on . . . . . 0th March 1938 

■ ■ ' Srd .April. 1938 

29i.!i .A,p.ril 1938. 
22nd- May 1938 

Area of plots. — ^Length 46 ft. x breadth 31-5 ft. 

Rows in each, — 9. Three rows of each variety in ti*eatment. 

Treatment A, — ^Molasses fermented with lime to give 60 Ib. nitrogen per 
acre. 

Treatment B . — ^Molasses fermented with hme to give 120 lb. nitrogen 
per acre. 

Treatment G . — ^Molasses filter press cake fermented with lime, 60 lb. 

nitrogen per acre. 

Treatment D.— Molasses phis filter press cake fermented with lime, 120 lb. 
nitrogen per care. 

Treatment E . — ^Molasses (direct application) to supply 60 Ib. nitrogen 
per acre. 

Treatment F , — ^Molasses (direct application) to supply 120 !b. nitrogen 
per acre. ' ' ^ 

Treatment (?.— Castor cake to supply 60 lb. nitrogen per acre. 

Treatment H.— Castor cake to supply 120 lb. nitrogen per acre. 

Treatment L — Control, 
a — Co 313, early-ripening variety, 
b — Co 312, medium-ripening variety, 
c — Co 331, late-ripening variety. 

The plots being l/30th acre, molasses (0*25 per cent nitrogen) was added 
at 10 mds. and 20 mds. respectively to supply 60 and 120 lb. nitrogen. The 
prepared manures (calculated taking nitrogen content at 1 • 0 per cent) were 
added in the proportion of 2-5 and 5 mds. respectively to supply 60 and 120 
lb. nitrogen per acre. Castor cake (4 per cent nitrogen) was supplied at 0*75 
and 1*25 mds. respectively. 

The pH of the Kalyanpur soil, as determined by the electrolytic method 
was found to be 7*3 .while Hillige's comparator gave 7-3. The soil may, 
therefore, be taken as almost neutral soil with slight leaning towards alkalinity! 
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PrELMINABY OBSBEVATIOTSrS 


Rate of growth 

Systematic measurements of the seedlings were made in tne months of 
June and July 1938 to study the comparative response to different manures. 
Six seedlings from each sub-plot were carefully measured and the mean height 
for six replications was recorded. In each case the measurement (in feet) 
was made from the root to the top of the stalk. 

Table IV 

Measurement of seedlings in feel 


On studying the rate of growth of cane seedlings it may he noticed that 
direct application of molasses has a definite retarding effhct, especially in 
treatment F when molasses is applied at the rate of 120 lb. nitrogen per acre 
although the retarding effect is not so evident in treatment E when molasses 
is used in small doses that is 60 lb. nitrogen per acre. The rate of growth 
is much less than even the control plot. Manures A, B, 0 and 1) prepared by 
the biological method from molasses and also from mixtures of moIas.ses and 
filter press cake show no retarding effect. On the contrary it had definite bene- 
ficial effect even when applied in as high dose as 120 lb. nitrogen per acre. 

Rate of germination 

The observations made by the Superintendent, Kalyanpur Farm on the 
rate of germination are : — 


Treatments 


percentage of germination . ; Good Good Pair i Good i Fair 


Bad 1 Good | G0c4 



; Co 313 

Go 3 

.12 

(^0 

m 

Treatments 

May 

June 

July 

June 

July 

J mie 

July 

A 

10’63 

16-0 

52-4 

18-6 

' ' 57*3 

14'07 

53*2 

B . 

10-62 





■ *.. 

■ ' • J- • 

C 

13-5 

15-5 

51-4 

■ 18-7 

56*0 

14-3 

52*0 

1> 

12-87 

18-7 

51-4 

, 17-9 

" '57*0 

;. ' , 1.4 •« 1 

53 *3 

'v:b. ' 

11-91 

" ■15-9 ■ 

'.■51*0 

16*9 

■ S'O-d : 

'■14*7 J 

52*5' 

F 

11-62 

12*6 

48-6 

13*4 

■ 51*0 

! 12*4 

5M5 

G 

H'63 

15-4 

53-5 

18* J 

57 *H 

15*3 

52*3 

H . 

15*91 

16-4 

57-3 

2M) 

04*5 

16*5 

52*3 

' I ■■ ■■ ■. 

12-7 ■ j 

13-7 

50-7 

16*4 

55-0 

13-7 

50*8 


Fair 
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Susceptibility to disease 




in Tible Superintendent, Kalyanpur Farm are given 


Table V 


Treatments 

Co 313 

Co 312 

Co 331 

A molasses manure 60 lb. 
per acre 

Fair growth, better than 
control, tillering good 

Fair growth, internodes 
shorter 

Stunted canes, fair tillering, 
more leafy growth 

B aiolasses manure 120 lb. 
^ per acre 

Growth very good, tillering 
same as castor cake 

Very long canes, less leafy 
growth, average tillering 

White ant attack marked 
throughout, lodging at 
places, canes long 

C molasses + filter press 
cake, 60 lb. N per acre 

Growth poorer, mosaic in- 
fection at places, tillering 
average 

Tillering better 

Mosaic attack, tillering 
average 

B molasses + filter press 
cake, 120 lb. N per 
acre 

Canes thick, development 
fair, leaf not healthy 

Lodging, very long canes, 
tillering very good 

Leafy growth, shorter canes, 
lodging, tillering fair 

E molasses, direct appli- 
cation, 60 lb. N per 
acre 

Growth poor, leaves pale 
and sickly, tillering aver- 
age similar to control 

Growth poor, root system 
weak, tillering poor 

Termite attack vigorous 

P molasses, direct appli- 
cation, 120 lb. N Per 
acre 

White ant attack, deve- 
lopment bad 

White ant attack, lodging 
throughout 

Leaves Paler at tops, shows 
lack of nutrition, lodging 

G castor cake, 60 lb. N 
per acre 

Good leafy growth, tillering 
fair, no lodging 

Fair and less leafy growth 

Canes fairly long 

H castor cake, 120 lb, N 
per acre 

Well developed good 
growth, tillering average 

Best gro^vth, lodging at 
places 

Very good growth, lodging 
at places 

1 control 

Poor growth and tillering , 

Growth and tillering poor . 

Tillering poor, top borer 
attack 


The data obtained confirm the observation that treatments E and F 
(direct molasses apphcation) gave poorer growth, sickly leaves, white ant and 
termite attack. The growth with prepared manures (A, B, C, D) is generally 
good although with Co 331 there has been evidence of white ant and mosaic 
attack. Each variety Co 313, Co 312, and Co 331 — early, medium and late 
varieties— was tested for maturity by the study of the top-middle-bottom brix 
and purity ratio of the juice. When the ripening tests were satisfied each 
cane variety was analysed for total sucrose in cane and the average of six 
replications was taken into account for calculation. The harvesting was 
undertaken soon after the analysis and the average of six replications 
determined. Co 313 was harvested on 26th January 1939, Co 312 on 
21st February 1939 and Co 331 on 1st March 1939. 

Calculations were made for each cane variety on the basis of the total 
sucrose in cane and cane yield obtained as average of six rephcations of cane 
yield per acre, sucrose per acre, excess of cane yield per acre over control 
excess of cane yield per acre over F (molasses, direct application in heavy doses 
@ 120 lb. nitrogen per acre), excess sugar yield per acre over control, and excess 
of sugar yield per acre over F. 
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Table VI ■ 

Co 313 — early RIPENmC VARIETY. 

Percentage of total sucrose in cane obtamed under diJfereM nmmrial Ireainimis 
Co 3lh : tests carried out after verification of the m/iturity by the. top 
hotiom-brix ratio and also toi>boUom-purity ratio by Java method 


I'reatineiit 


Block 1 


Block 2 


Block 2 


BKifk 4 


Hlofk 


Block f) 


Average 


9—24 


9—16 


6—13 


Treatments 

Block 1 

Block 2 

Blo(tk 3 

Block 4 

B,iock,...5 

■ 

.Block 6 

'Average 

lucroase. tjr 
(k’ereasi* 
over Control 

A 

14*48 

14*21 

14*14 

14*15 

13*4 

14*57 

14* ,13 

■ -f'l*.:l,4.. „ 

B 

14*30 

14-50 

13*82 

15*07 

12*73 

12*61 

1,3*83 ■ 

+0*83 , 

C 

13*91 

14*74 

14-75 

12*84 

12*72 

13*86 

13-80 

+ 0-81 ' 

D 

13*21 

13*47 1 

13*98 

11*26 

13*11 1 

12*90 

12*98 

-0-0,1 

■ ■ ■ , E 

13*30 

13-34 1 

14*29 

11*63, i 

1 

' 13*28 

12*62 

13*07 

■■+0*08 

. E ■ 

13*93 

13-44 1 

13*30 

11*78 

' 11-48 

14*04 

12*98 

—0-01 

G 

14*35 

13-52 

14-16 

9-80 i 

13*75 

14*39 , 

13*32 

+0*33 

H 

' 12*28 

13*78 1 

12-88 

13-46' ; 

13*89 : 

14-10 : 

13*39' 

4* 0*40 

I"..-.' 

13*22 

i 

11*88 1 

13-51 1 

14-98 j 


12-71) 

, 12*99 
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The cane yield in l/90th acre plots shows a definite depressant effect in plot 
F treated with heavy dose of molasses (1 md. 20 srs.). The concentrated ma- 
nures A, B, C, D show uniformly an increase over the control plot (-(- 1 md. 
25 srs., +1 md., 4-26 srs., -1-25 srs.). The deleterious effect is not observed in 
plot E, treated with light dose of molasses (-[- 1 md. to 33 srs.). The cane yield 
in case of castor cake is nearly the same as the concentrated manures. 


Table VIII 


Calculations on the cane yield and total sucrose per acre — Co 313 


Treatments'! 

Canes 
yield in 
l/90tli 
acre 

Canes 
yield per 
acre 

Per cent 
sucrose 

Sucrose 
per acre 

Excess 
yield per 
acre 
over 
control 

Excess 

cane 

yield per 
acre over 

Excess 
sugar 
yield per 
acre 
over 
control 

Excess 
sugar 
yield per 
acre over 

F .. 


Mds. 

Mds. 


Mds. 

Mds. 

Mds. 

Mds. 

Mds. 

, A 

8—2 

724-5 

14-13 

102-47 

+ 130-8 

+ 241-5 

+ 22-59 

+ 39-88 

B 

7—35 

707-75 

13*83 

98-02 

+ 93-55 

+ 214-75 

+ 18-14 

+ 35-43 

. ''C' 

7—20 

675-0 

13-80 

93-45 

+ 61-30 

+ 192-0 

+ 13-57 

+ 30-86 

D 

7—20 

675-0 

12-98 

87-61 

+ 61-30 

+ 192-0 

+7-73.. 

+ 25-02 

E 

8—28 

783-0 

13*07 

103-33 

+ 169-3 

+ 300-0 

+ 23-45 

+ 40-76 

F 

5—15 

483-0 

12-98 ^ 

62-69 

—130-7 


—17-29 


G 

7—27 

600-75 

13-32 

92-00 

+ 77-0 

+207-75 

■ +22-12; 

+ 29-41 

H 

8—14 

751;5 

13-39 

100-57 

+ 138-0 

+268-5 

+ 20-69 

+ 37*98 

I 

6—35 

613-72 

12-99 

79-88 

..M 


+ 130-7 


+ 17-98 


Thus the concentrated manures A, C and D have given an increase 
in the cane yields per acre by nearly 100 mds. as compared with the control 
(-f-lll-O, -i-94-0, -I-61-3 and -f61-3 mds.) and 200 mds. as compared with 
molasses in heavy doses (-(-261’5, -f-227, -{-182 and -1-182 mds.). Molasses 
(direct application) in small doses does not show any deleterious effect ( +170 
mds. more than control, +300 mds. more than F). Molasses in heavy doses 
show definite depressant effect ( — 110 mds. less than the control). Castor 
cake behaves similarly to the concentrated manures (+87, +148 mds. res- 
pectively as compared with control and +207 and +268 mds. respectively 
as compared with F). 

The increase in the total sucrose yield per acre with concentrated manures 
comes to about 20 mds. (+22-69, +18- 14, +13-57 and +78-73) as compared 
with the control while molasses, direct application in heavy doses (F), g:.ve a 
deficit of 17 - 29 mds. The deleterious effect of molasses is not evident wJaen 
applied in light doses (E) the increase in yield of sugar per acre being 23- 45 
mds. Castor cake gave 22- 12 and 20-69 mds. increase respectively over the 
control. Comparing with F (molasses in heavy doses) there is increase in 
yield in cases of A, B, C, D treatments (+39-88, +35-43, +30-86 and +25- p 
mds. respectively) and so with castor cake (+.29-41, 37-98 mds.). Even the 
control shows an increase by 17-98 mds.. 


1 




186 


THE INDIAN JOURNAL AGRICULTURAL SCIINCE 



[X. 


Table IX 

Co 312— MEDIUM-RIPENING VARIETY 


Percentage of total sucrose in cane obtained uwler different mammal trealments 
Tests carried out after verification of the maturity 


Treatments 

Block 1 

Block 2 

. 

Block 3 

Block 4 

Block 5 

Block 0 

Av<,inm<5 

A 

9-0 

12-70 

12-99 

U-9 

, 13-94 

12-79 

12*22 

B 

11-72 

7-00 

13-41 

12-19 

10-69 

■' 11*52 

,11*09 

C 

12-10 

10-12 

12-84 

12-80 

' 13*79 

11-09 

12 ‘B? 

D 

12-81 

10-75 

13-40 

13-06 

13*66 

9*61 

12*21 ■ 

E 

12-40 

11*65 

12-84 

' ' 12-98 

12*92 

12*26 ■ ^ 

12*52 

F 

12-44 

12-55 

12-52 

12*35 

I 11*89 

12-15 

12*31 • 

G 

10-19 

13*55 

13-49 

11-91 ' 

7*46 

,■13*14 ■ 

11*62 

H 

11-92 

11-77 

i 7-10 

10*88 

9*24 

. 12*73 

. 10-56 

I 

9-31 1 

13-07 

13-08 

13*69 

12*79 

i 

12*90 ■ 

12*47 


Taking the cane variety Co 312 the total sucrose in cane is found to be 
more or less the same as control and is not affected by various nianiirial treat- 
ments. In Co 313 some differences, though very slight, was discernable. The 
castor cake treated plots, however, show a definite lowering due to more leafy 
growth. 


. Table X 

Harvesting of Co 312 {1190 acre) 


Treatments 

1 Block 1 

!■■ 

Block 2 

j Block 3 ■ 

1 ■ ■ 

: Block 4 

1 . 

BIoc*k 5 

■ 

Blotik 6 

! " ' ■ ' 

J Average 


1 Mds. Srs. 

: Mcis. Srs. ■ 

Mds. Sr.s. 

.Mds. Srs. 1 

j Mds. Srs, 

j Mds. Srs. 

Mds. Hrs. 

A . 

..11—26 ■ 

j ' 

1 11—3,.^. 

■■..12—15 ■] 

1. 11—37 . 

j 12- -32 

1 

1 11— .26 

B 

10—37 

12—0 

12—1 { 

11—18. 

.12—37 

12—30 

’ , il— ,*'J7 

C 

10—18 

!■■: '; 10—8 

10—21 1 

16— 11 

i.-n ’ 

10—27 

1 13—23 

B 

.,'9— 3'' 

10—12 

1 

o 

10—25 

13—15 ! 

1.1—15 

1 io.,..:..™S7 

E 

9 — -6 

1 

10—9 

:■ 12—17. ! 

11—24 

10—24 

it— 16 

' H)— 36 

F 

8—25 ■ 

8—0 

• 9—37 ■ 1 

7—20 

7—12 


7—28 

G 

10—24 

10—11 

13—2 ■ ■ 1 

10—6 

10-10 

13—10 

11—10 

H 

0 

1 

6—8 

■ 10—28 ■! 

12—8 

10—33 1 

13—12 i 

10—23 

I 

10—1 ! 

i 

10—9 

10—23 ■■ 1 

10—10 

10—28 

10—22 

10—15 


Taking the average of six replications the cane yields with concentrated 
manures A, B, C and D are definitely greater than the control ( + 1 md. 11 srs., 
+ 1 md. 22 srs., +1 md. 3 srs. and +22 srs.) and greater than the plot F with 
heavy molasses dressing (direct application) (+3 mds. 38 srs., +4 mds. 9 srs., 
+3 mds. 35 srs. and^ +2 mds. 9 srs.). Plot F shows a definite depressant 
effect as compared with the control ( — 2 mds. 27. srs.). Castor cake treated 
plots show lower yields than concentrated manures. ... 
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Table XI 


Cahul'Xtiom m the cane yidd and, total sucrose per acre—Oo 812 . 


Treatments 

Cane 
yield In 
l/90th 
acre 

Cane 
yield per 
acre 

Sucrose 
per cent 
cane 

Total 
sucrose 
per acre 

Excess. 

cane 

yield over 
control 

Excess 

cane 

yield over 
E 

Excess,' : 
sugar 
yield over 
control 

! ■ Excess . 
sugar 
yield over 

E 


Mds. 

Mds. 


Mds. 

Mds. 

Mdfi. 

Mds. 

Mds. 

A ■ 

11—26 

1048*5 

12*22 

128*15 

4-104*75 

+ 356*5 

+ 17*70 

+ 42*83 

B 

11—37 

1073*25 

11*09 

118*96 

4-139*60 

+ 380*25 

+6*70 

+ 33*60 

0 

11—23 

1041*25 

12*27 

127*70 

4*107*50 

+ 348*25 

+16*30 

+ 42*40 

B 

10—37 

983*25 

12*21 

120*05 

+ 49*50 

+ 290*0 

+8*62 

+ 84*75 

E 

10—36 

731*0 

12*52 

111*52 

—200*0 

+ 38*0 

+0*09 

+26*22 

F 

7—28 

^ 693*0 

12*31 

85*30 

—240*75 

... 

—26*13 


G 

11—10 

i' ^ ■ 

‘ 1012*5 

■ ■ 

11*62 

117*65 

+ 78*76 

+ 319*5 

+ 6*22 

+32*35 

H 

10-23 

951*75 

10*56 

100*50 

+ 18*00 

+258*76 

+ 10*93 

+ 15*20 

I 

10—15 

933*75 

12*47 

111*43 


+ 240*75 


+26*13 


The cane variety Co 312 of all the three varieties taken have responded 
most effectively to the concentrated manures. The depressant action of 
dhect application of molasses has been evident not only in the case where 
molasses has been administered in heavy doses (treatment P) but also in the 
case of apphcation in light doses (treatment E). 

Taking the cane yield per acre while concentrated manure A, B, C, D 
treatments show an increase of 14:4"75, 139-5, 107-6 and 49-6 mds. respective- 
ly, molasses, dnect application in light and heavy doses (treatments E and P), 
show a deficit of 200 mds. and 240-75 mds. respectively. It may be noted 
that castor cake in light and heavy doses (treatments G and H) do not respond 
so well as the concentrated manures (-f-78-75 and -f 18-0 mds. respectively 
over control). The excess of cane yield over P (plot heavily treated with 
molasses) with concentrates manures A, B, C, D are uniformly high ( -)-385 • 5, 
-(-380-25, -(-348'26-f 290 mds. respectively). The castor cake plots G and 
H show an increase of 319 -5 and 268-75 mds. while the control plot shows 
an increase of 240-75 mds. The plot receiving light dose of manure shows 
an increase of 38 maunds over P. 

The increase in sugar yield per acre as compared with control in case of 
A, B, C and D are 17-7, 6-7, 16-3 and 8-62 mds. respectively, while E shows 
no increase (-(-0-09 mds.) and P indicates a deficit of 26-22 mds. Castor 
cake (G and H) treatments show an increase of 6 - 22 and 10-93 mds. respective- 
ly. The excess in sugar yield per acre over P in case of A, B, C and D are 
42-83, 33-60, 42-4 and 32-74 mds., while castor cake (G and H) show an 
increase by 32-35 and 15- 2 mds. respectively. Control indicates an increase 
of 26*13 mds. over P, 
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Table XII 

Co 331, LATE-RIPEXma VARIETY 

Percentage of total sucrose in cane obtained under different manurial treatments 
{Tests carried out after verification of the maturity by top-bottom brix and 
purity ratios) 


In Co 331, a late-ripening variety, we find as we observed in other cases, 
the total sucrose in cane in all treatments tends to a maximum and is nearly 
the same irrespective of the manurial treatments. P, i.e. the plot receiving 
heavy molasses dressing, however, shows a definite decrease in sucrose content. 

Table XIII 

Yield of cane Go 331 per plot of IjQOth acre {Harvested mi hi March 1939) 


Block 1 


Treatments 


Block 2 


.Block A 


Block o ! Block , Average of 
j i six rcpilca" 

i ■, tioiis ,, 


10-H) 


9—10 


9—20 


9—0 


9—20 


9—30 


Treatments 

Block 1 

Block 2 

Block 3 

Block 4 

Blo(‘k 5 

BIo<-k 6 

Average 

A 

11-12 

11-14 

11*49 

10-64 

11*74 

11-20 

11-22' 

B 

11-36 

9-71 

11-39 

11-47 

10-99 

11-31 

11-04 

C 

11-67 

10-29 

12*11 

11-42 

12-16 

12*26 

11-65 

I) 

11-44 

10-45 

11-90 

11-02 

11-44 

11 -6.6 

11-32 

' E 

11-80 

10-76 

11-88 

11-09 

11*44 

12-58 

11-61 

E 

11-11 

8-99 

11-22 

11-50 

9-66 ! 

11-38 

10*06 

' 0 

11-00 

10*73 

11-53 

11-40 ; 

11-67 : 

11*12 

11-24 

H 

11-29 

10-63 

11-38 

n-41 

12-29 i 

10 -.7a' 

11 •28 

T 

11-10 

' 

10-35 

11-71 

11*23 

11-01' ! 

12- S. 

■ 'l'l*25 
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Table XIV 


Yield of cane, and sucrose per acre and calculation of tlie eoicess of cane and sugar 
yields over control and F treatment 


i 

Treatments; 

1 

Yield of 
cane 
per i 
l/90th 
acre 

Yield of 
cane 
per 
acre 

Sucrose 
per cent 
cane 

Total 

sucrose 

per 

acre 

Excess 
cane 
yield per 
acre 
over 
control 

■ 1 

Excess 
cane 
yield per 
acre 
over 

F 

Excess ^ 
sugar 
yield per 
acre 
over 
control 

Excess 

sugar 

, yield per 
acre, 
;.overF 

1 

Mds. 

Mds. 


Mds. 

Mds. 

Mds. 

Mds. 

Mds. ' 

A 

8—36 

801-0 

11-22 

89*98 

—20-25 

+ 146-25 

-2-90 

+20*19 

B, 

9— -14 

841-5 

11-04 

101-51 

+ 20-25 

+ 186-75 

+ 8-09 

+ 31-72 

C 

9—29 

875-25 

11-65 

101-96 

+ 54-00 

+ 220-50 

+ 9-54 

+ 32-17 

B 

8—34 

796-5 

11-32 

90-16 

—25-25 

+ 141-75 

-1-26 

+ 20-39 

„E 

9—31 

879-75 

11-61 

106-6 

+ 58-50 

+ 225-00 

+ 14-08 

+ 36-71 

F 

7—11 

654-75 

10-66 

69-79 

—166-50 i 

••• 

—22-63 


G 

9—10 

832-5 

11-24 

93-57 

+ 11-25 

+ 177-75 

. +1-15>' 

+ 23-78 

H 

9—9 

880-26 

11-28 

99-29 

+ 69-0 

+225-50 

+ 6-87 

+ 29-50 

■ I , 

9—5 

821-25 

11-25 

92-42 

: ' '1 

+ 165-50 


+22*63 


In the case of Co SSlj a late-ripening variety, the cane yields with con- 
centrated manures as compared with the control plots have shown significant 
results with B and 0 treatments, the performance in the case of A and B 
being negative. The anomaly in the results is due to better cane yields in the 
control plot. Castor cake treated plots (G and H) have given good result and 
so has E having light dressing of molasses. The most outstanding result, as 
has been observed also with other cane varieties, is the depressant action of 
molasses in heavy doses, where there is a deficit of 166 • 5 mds. in the cane yield. 

Comparing with treatment E the yield of cane is uniformly high 
with concentrated manures (-[-146 -26, 186-25, -f 220-60 and -f 141-75 

respectively). The performance in the case of castor cake treated plots is 
about the same as the prepared manures ( -f-177- 15 and 225-5 mds. respective- 
ly). The deleterious effect is not evident in case of light dressing of molasses, 
the increase in cane yield over control being quite high (-{-225 mds.). Even 
the cane yield in the control plot is greater than E by 165-5 mds. 

The sugar yields are synchronous with the cane yields since the percentage 
of total sucrose is more or less the same irrespective of the manurial treat- 
ment. 

Cane variety may be one of the factors determining the response to differ- 
ent manures. It may be said that whereas Co 313 and Co 312 respond quickly 
to the concentrated manures, it does not do so much with Co 313. 

CONCLtrSIONS 

1. An easy biological process has been evolved for the conversion of 
fairly large quantity of exhaust cane molasses into a clean, dry inodorous 
manure with a high nitrogen content. 
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2. It requires installation of a small manure-making plant, as described 
in the paper in detail, requiring a few masonry tanks, centrifugal pumps, air 
blowers and leading pipes. 

3. It was revealed that, whereas fermentation under acid condition without 
neutralization lead to loss of nitrogen, fermentation with intermittent addition 
of lime to neutralize the acidity gave definite evidence of nitrogen fixation 
being about twice the total 3aitrogen content in the original molasses. 

4. It was found that the use of pure culture of yeast as started instead 
of mixed bacteria consisting of yeast, B, coli, acetic and lactic organisms gave 
sludge with higher nitrogen content than that obtained when mixed bacteria 
was used. The nitrogen fixation with molasses and filter press cake mixed 
in equal proportions using pure culture of yeast as starter gave nitrogen fixa- 
tion about three times the total nitrogen present in the original molasses. 

5. By a series of experiments taking a particular yeast variety w^horo neu- 
tralization was effected with sodium carbonate solution instead of milk of lime 
it was found that heavy aeration led to about one-and-a-half times the yield 
obtained under normal conditions of fermentation. The use of am momum sul- 
phate, and more significantly ammonium phosphate, to the extent of 1-5 par 
cent gave increased yeast yield (three times using ammonium sulphate and six 
times using ammonium phosphate). Higher yeast yields were obtained on 
fermenting at increasing dilutions, sp. gr. 1017 giving the highest yield. 

0. Thus fermentation at the neutral point, i.e. under conditions where the 
acidity is constantly neutralized by milk of lime led to increased yield of yeast. 

7. The biological process evolved gives product like yeast, calcium acetate, 
propionate, lactate, butyrate and also nitrogenous decomposition products, 
as indol and skatol acetic, propionic, butyric acids and their esters which are 
said to contam plant harmoues are likely to be present. Tims whereas 
molasses has very little value as manure, its biological products contain valu- 
able plant food. The biological process of conversion of molasses into manure 
augments the yield of yeast, calcium salts of organic acids and also the 
plant harmoues described above. An investigation into the existence of the 
harmones by micro-methods is in progress. It is argued that fermentation 
with aeration and constant neutralization increases tlio yeast yield and diverts 
the coui'se of fermentation so as to give the maximum production of yeast 
with least alcohol formation. The latter point is also being investigated. 

8, Cropping tests were conducted with two manures prepared by the rapid 
process— molasses manure with intermittent addition of lime with aeration 
and molasses and filter press cake manure at the Kalyanpur If arm, United 
Provinces, in collaboration with the Agricultural Department. Workitig 
with three varieties of cane, Co 313, Co 312 and Co 331 — early, medium and 
late ripening varieties with six replications in randomised blocks indicate that 
molasses, when directly applied in the soil, had definite depressant effect as 
compared with the control in heavy doses, which increased with increased 
application although in smaller doses the effect was not very significant. In 
the case of Co 312, depressant effect was evident when molasses was applied 
both in Hght and heavy doses. 

The concentrated manures gave definitely increased cane yields com- 
parable with yields obtained by using castor cake as manure. The sucrose 
per cent in cane was slightly higher with concentrated manures than with 
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molasses. Taking a particular variety, Co 313, the yield of cane was approxi- 
mately lOG mds. more per acre with the prepared manures as compared idth the 
control, while molasses direct application gave 100 mds. cane less. There was 
an increase of about 20 mds. of sugar per acre with the new manures over 
the control, while there was a decrease in the yield of 20 mds. of susar in 
case of direct molasses application. ^ 

9. Direct molasses application lead invariably to diminished percentage 
ot germination and disease, such as yellowing of leaves, white ants, etc., while 
the prepared manures made canes less susceptible to such attacks. 

10. The cost of production of the manures come to approximately 12 
annas per maund giving a return of the cost of molasses to sugar factories at 
4 annas. 

11. Considering the relative efficiencies 20 mds. of molasses will have the 
same effect as 3 to 4 mds. of the concentrated manures. 
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A REVIEW OF THE APPLICATION OF STATISTICAL 
THEORY TO AGRICULTURAL FIELD EXPERIMENTS 

IN INDIA* 
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P. C. MAHALANOBIS 

Statistical Laboratory, Presidency College, .Galmita 

I. General review of the present position 

A REVIEW of the application of statistical theory to agricultural field 
trials in India in recent years is largely a story of the triumpii of 
methods devised by R, A. Fisher at the Rothainsted llxperimental Station, 
The new developments also bear remarkable testimony to the scientific vision 
of Sir John Russell, Director of the Rothamsted Experimental Station, who 
had recognized as early as 1919 the need of the application of statistical theory 
to agricultural research, and had not only persuaded Fisher to take up this 
subject but had given him full scope and freedom for working out appropriate 
statistical methods in his own way. 

The basic principles of the new method are now well known and need not 
be discussed in detail. In order to appreciate the revolutionary advance 
brought about by the introduction of the new technique, let us however 
consider for a moment the contrast between experiments of the old and new 
.type. 

The old type of field experiment 

Suppose we wish to compare the yield of say six varieties or the effect on 
yield of six kinds of manures. In the old type of experiment the field would be 
divided into six plots, and a single plot would be allotted to each treatment. 
As Fisher [1935] explains ' the treatment giving the highest yield would of 
course appear to be best, but no one could say whether the plot would not in 
fact have yielded as well under some or all of the other treatments It is 
known that within the same field wide differences exist in the fertility of the 
soil. Even when the soil fertility is uniform, there are innumerable other 
causes which affect the yield. How can we be sure that the observed differences 
in yield are due to the difference in the treatments, and not to soil hetero- 
geiieity ? How' can w^e be sure that they are not due to chance fluctuations ? 
This is the basic problem. In order to solve it w’o must eliminate the effect of 
soil heterogeneity, and make an unbiased estimate of the magnitude of errors 
duo to chance so that we may be sure that the observed effect is significant in 
comparison with the size of such chance errors. 

The Fisherian technique 

Let us now see how Fisher solved the problem. Consider the same 
experimental field which had been originally divided into six portions. 

* Presented before the meeting of the Board of Agriculture and Animal Husbandry 
in India held in I^^ahofe id D^embeir 1937 

( 192 *) 
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Fisher K^imply further sub-divided each portion^ into a number of plots of 
smaller size ; and within each portion (or block as he called it) he assigned one 
plot to each treatment but strictly in a random manner. We have now the 
randomized block in its modern form. Using the principle of block division in 
two directions symmetrically we get the wen-known Latin square. 

Results governed by laws of chance 

The important point to be noticed is that the results will be now governed 
entirely by the laws of chance. There are innumerable causes which produce 
differences between the plots, and we know from the conditions of the experiment 
that it is impossible in practice to secure that the plots will be all alike. But the 
validity of the estimate of error is now guaranteed by the process of ran- 
domization, namely ' the provision that Sbnj two plots, not in the same block, 
shall have the same probability of being treated alSse, and the same probability 
of being treated differently in each of the ways in which this is possible’ [Fisher, 
1935]. The calculus of probability and the apparatus of the statistical theory 
of sampling distribution can now be used with complete confidence. The 
logical foundations of scientific inference were thus made secure, and agricul- 
tural experiments were placed for the first time on the same footing as 
experiments in other sciences. In actual fact the statistical theory of exact 
distribution in terms only of actual observations, popularly known as distri- 
butions in ^ Studentized form ’, achieved a good deal more. It made possible 
general conclusions being drawn with logical rigour from particular observa- 
tions. But this is a topic of statistical rather than agricultural interest and 
must be passed over here. 

Elimination of soil differences 

The second point to be observed is that by the technique of block division 
the problem of soil heterogeneity was solved at the same time. As each block 
contains all the treatments once and once only, differences between the total 
yields of the different blocks could safely be ascribed, apart from errors of 
sampling, to soil differences ; and could be eliminated by suitable statisti- 
cal methods. This of course led to a great improvement in the precision 
of the comparisons. When we remember that in particular experiments in 
India as much as 90 per cent of the total variation is sometimes caused by 
soil differences, the importance of eliminating its effect will be easily 
appreciated. 

The analysis of variance 

The third point to be emphasized is the close connexion between the field 
procedure and the procedure of statistical analysis in the Fisherian technique. 
In fact they are merely two aspects of the same problem ; and to quote Fisher 
[1933] ' once the practical field procedure was fixed, only a single method of 
statistical analysis could be valid. . . The specification of the particular 
process of randomization carried out, determined in advance the correct 
statistical analysis of the results 

*I need scarcely add that the experiinental field may be divided into any number 
of convenient portions each of which is further 9ub*divided into a number of plots. 
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To sum up then, replication, randomization, and block division (or local 
control) were the principles of design introduced by Fisher [1923] at Rotham- 
sted. Replication is essential because it is the sole source of the estimate of 
error, while randomization is necessary to guarantee the validity of the esti- 
mate, i.e. to ensure that the estimate will be unbiased. The pur[)o,se of block 
division is to increase the precision of the comparisons by elimination of soil 
differences, while replication is also useful in securing the same object by dimi- 
nishing the experimental error.' Finally the analysis of variance* gives a 
convenient and valid method of extracting the inforaiatkm eoiitnincd in the 
observations. As 'Wishart has pointed out, the Fisherian tocliniqoe ‘was 
something in the nature of a revolution,’ and altered the subsequent course 

of agricultural experiments throughout the world. 

Previous conditions in India 

It took some time before the new technique was introduccfl into thi.s country . 
Seven or eight years ago in India tlie control used to ])e almo.st always rt‘|ieutod, 
but the treatments were usually laid down without replication. J!]ven when 
replication was used, it was of the systematic type and inadequate in number. 
In interpreting the results, the usual practice w-as to compa.re the means of the 
various treatments. In a few cases probable errors of means were calculated. 
The ordinary formula in the classical theory of errors was used for thi.s ]»nrpose. 
This was inexact for the twofold reason that the ob.served variance u as hu1).s- 
titutod for the corresponding population value, and i.iic ellect ol using small 
samples was ignored.f Besides in the absence ol" randomizatioji, siicli c.sti- 
mates were not unbiased, and could not be vaJidly used for fuirposes ol" <iom- 
parisons. Finally there was no attempt to eliminate the effect of soil 
diiferences. It is no wonder therefore that many of the inferences drawn 
from the old experiments were unreliable. Even when tin; results were true, 
this could not be asserted witli scientific preei.sion. A fair idea of these 
old-type experiments, which used to bo oondueted in India a few yeaivs hack, 
can be obtained from ‘Analysis of Manurial Experiments in Irulia’ by \'"aidyana- 
than [1934]. ^ 

Introduction of the new technique in India 

Like most other recent movements in agriculture in India, we owe the 
introduction of statistical methods to the Royal Commis.sion on Agriculture 
(report, pages 617-8), which had made definite recommendations on this 
point in 1928. In actual practice the modern period of field experiments 
began in India, I believe, with the foundation of the Imperial Council of 
Agricultural Research in 1929 on the recommendation of the Royal Commission, 

* See note on ‘ variance ‘ standard error covariance etc. (Appendix II) 

t It is of some personal interest to me to recall hero that to tliis particular problem 
I owe my contact with agricultural work. In 1924 my attention was drawn by Dr. 
W. Bums (Agricultural Commissioner with the Government of India), then working iu 
Bombay, to an experiment in which six varieties of rice were laid out in ton replicates 
systematically arranged side by side in long stripes. On the assumption of a systematic 
variation in soil fertility, it was possible to eliminate the soil differences by graduation, 
and it was found that the precision of the comparisons could be considerably increased. 
At that time I was qnite unfamiliar with the Rothamsted work, but Dr. Bums’ problem 
soon made me get acquainted with the Fisherian method, and made me realize its great 
value. 
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TEe earliest experiment of tbB new a varietal trial on rice with 'a 12 x 12 
LatiH' square was reported in the Indian Journal of Agricultural Science in 1931. 
The ' Imperial Coxincil of Agricultural Research from its inception laid em|)hasis ; 
on ' statistical methods, created ' a statistical section at headquarters with a ^ 
whole-time statistician at its head, and gave a grant to the Statistical Labora- 
tory, Calcutta, for advanced studies and researches in statistics. In fact I 
believe it was soon made a condition of all Imperial Council of Agricultural Re- 
search schemes that the experimental designs should be of the approved type. 
The Statistician to the Imperial Council of Agricultural Research gives his ad- 
vice on all standard schemes in the province, and personally visits a large num- 
ber of farms every year. Help is also available, especially on the research side, 
from the Calcutta Statistical Laboratory. In the course of this work a series 
of 'Statistical Notes for Agricultural Workers’ was started of which 24 numbers 
have been published so far. In 1932 arrangements were made in Calcutta 
for giving special courses of instruction in statistical methods to officers who 
were sent there on deputation for this purpose. During the last five years such 
training has been given to over 75 agricultural officers from all over India, 
which, I believe, has helped materially in raising the general standard of work. 
The lead given by the Imperial Council of Agricultural Research in all these 
ways has resulted in the Latin square and randomized block designs being used 
with great success all over India. It is probably no exaggeration to say that 
no important experiment in India is now laid out on an old type design. This 
must be considered to be a solid achievement. 



Factorial {complex) experiments 

We may now consider some further developments of the new techniques. 
As early as 1926 Fisher had advocated the use of factorial designs in which two 
or more types of treatments were laid out on the same field. 

Suppose we wish to compare three varieties, and the effect of three 
manurial treatments on each of these varieties. If we conduct the experiments 
separately, and use six replications, we shall require for the varietal trial 3x6 
= 18 plots. For the manurial portion we shall require three experiments, dealing 
respectively with the three varieties. With six replications we shall therefore 
requue 54 plots for the manurial investigations and 18 plots for the varietal 
comparison or 72 plots altogether. 

Instead of simple experiments, suppose we combine them in one factorial 
(or complex) design. First of all, for nine combinations (3 varieties x 3 
manures) we can then afford to give eight (instead of six) replications each in 
the same field of 72 jjlots. Secondly, we shall have no less than 24 replications 
available for the varietal or manurial comparisons ; so that, if the standard 
error per plot remains the same, the accuracy of the main comparisons will be 
increased four times. Finally, the three manurial treatments cannot be 
directly compared in the separate experiments ; but in the factorial design the 
comparisons would be completely valid. In other words, the differential 
manurial requirement of particular varieties, i.e. the interaction between 
varieties and manures, if any, can be investigated only if the experiment is 
designed in the factorial form. With three or four factors the amount of in- 
formation obtained is proportionately even greater. Besides the main effects^ 
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we can not only study the differential effect (or interaction) of the factors two 
by two, hut also the response of one factor in the presence or absence of two or 
more of the other factors. 

A factorial experiment is thus not only more efficient in the sense that with 
the same number of plots all the factors can be studied with greater precision, 
but is also more comprehensive and will give information about difFc3rential 
response which could not possibly have been obtained by any numbe!' of ex™ 
periments of the simple type. This is why Fisher [1920] definitely rejected 
the orthodox principle of varying the factors only one at a time and said : 
'No aphorism is more frequently repeated in connexion wit!) field trials 
than that we must ask Nature few questions, or ideally, one question at a time. 
The writer is convinced that this view is wholly mistaken. Nature, he suggests, 
will best respond to a logical and carefully thought out questionnaire : indeed , 
if we ask her a single question, she will often refuse to answer until some other 
topic is answered/ 

Before leaving this topic it is perhaps worth while pointing out a third 
advantage of the factorial design. Tn the orthodox method all the factors 
except one are deliberately kept approximately constant. Tn the result, 
information is obtained only for a narrow range of controlled conditions. 
In the factorial design on the other hand a number of factors are allowed to 
vary at the same time, so that conclusions drawn from such an experiment 
have a much wider basis for induction. 

In India the first factorial experiment witli three varieties of potato under 
three manurial treatments was laid down at the instance of the Statistical 
Laboratory at the Visvabharati Institute of Rural Reconstruction at Sriniket an 
in 1 93 1. During the last four or five years similar two-factor experiments have 
become quite common all over India. Designs with three or four factors 
are also being used with success. As an example I may mention the four-factor 
cultivation experiment with rice (three varieties, five dates of planting, three 
spacings, and three numbers of seedlings per hole) designed at the Statistical 
Laboratory and conducted under the Imperial Council of Agricultural Research 
rice research scheme at Chinsurah for the four seasons 1933-37. The summary 
of results shown in Appendix I will give some idea of the wealth of in- 
formation w’-hich can be obtained only from designs of this type. 

In spite of their efficiency and comprehensiveness certain objections have 
been raised against the use of factorial designs which may be briefly considered 
here. It has been pointed out that the main effects are obtained with greater 
precision than the interactions ; also that the experiment includes many com- 
binations which are never likely to be used in practice. This is quite true but 
inevitable. When we have no knowledge as to w hat particular combinations 
are likely to be useful, it is desirable that we should seek to survey the whole 
range of aU the factors. But an extensive field of survey inevitably implies a 
lower level of accuracy. However as experience is gathered, the field of 
enquiry can be narrowed by reducing the number of combinations, with an 
automatic increase in the precision. 

A second objection is more serious. With an increase in the number of 
combinations, the size of the block becomes too large for adequate elimination 
qf soil-heterogeneity with consequent incyeas^ in the residual error. The 
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difficulty , has been admirably got oyer recently by the splitting of plots ^ 
and the ' confounding of interactions *. 

Split-plot arid ^ confounded' designs 

In the factorial design complete information about all the combinations 
can be obtained at the cost of accuracy. We can, however, increase the 
precision by sacrificing a portion of the information. This is just what is 
achieved in the t confounded ’ design. The whole array of treatment combi- 
nations is therefore not included in the same block, but deliberately distributed 
over two or more balanced sub-blocks. Experience has shown that high-order 
interactions are often insignificant, or even when statistically significant are 
not of much practical importance. In the confounded design information 
about such high-order interactions is usually sacrificed to increase the precision 
of other comparisons. If we like we can, however, arrange to obtain some 
information about all the interactions, but inevitably at a lower level of 
precision, by ‘ partial confounding’. 

The split-plot lay-out is a simple example of confounding in which the main 
effects of one of the factors are confounded. This design is particularly useful 
when some of the treatments are such that they cannot be conveniently applied 
to small plots. These main treatments are therefore laid out in a randomized 
block or Latin square design, but each whole-plot is divided into a number of 
sub-plots which are allotted at random to the different sub-treatments. 
The residual variance between sub-plots gives the appropriate error for the 
comparison of sub-treatments, while the residual variance between plots gives 
the error for the whole-plot treatments. 

The split-plot design is being extensively used in India, but the confounded 
design has so far not attracted much notice.^ As far as I know, one elegant 
design prepared by Yates has been laid down at the Tocldai Tea Experimental 
Station, and one design has been supplied by the Statistical Laboratory to the 
Dacca University for the Imperial Council of Agricultural Research scheme. 

The designing of confounded lay-outs is an interesting exercise, and in 
skilled hands it has attained a high degree of efficiency. I would draw the 
attention of aU agricultural workers interested in this subject to the discus- 
sion by Fisher [1935], Yates [1937] and that in the Rothamsted Reports for 
the last few years. 

Complete factorial designs, as we have seen, are both efficient and com- 
prehensive. But they need great care at every stage of the work, and with a 
large number of factors require blocks which are inconveniently large in 
practice. There is, therefore, a limit to the usefulness of this type of design 
depending on the heterogeneity of the land, the number of factors and nature 
of the problem, the skill and experience of the investigator, etc. The split- 
plot design is very convenient in problems in which knowledge about the main 
treatments is already available. But I am of opinion that it is the confounded 
design wMch has the greatest possibilities in India, both on account of its 
flexibility as well as its economy of cost. Caution is needed, however, both 

This review was originally written in December 1937. Since then the principle of 
confomding k being increaaingly used in India* 
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in designing the experiment and in carrying ont the statistical analysis. In 
the hegimiing, therefore, it will be desirable to use standard patterns imder 
the guidance of statistical workers. 

Interpretatim of resnlis 

Before leaving this subject I would like to add a few words in regard to the 
interpretation of the results. I have found that many agricultural workers 
are able to reduce the data correctly and complete the arithmetical part of the 
analysis of variance without, however, being able to draw the n(i(;(!SHiiry 
inferences. ‘ Significance ’ and ‘ non-significance ’ arc purely technical term-t 
with the exact implication of which every experimenter should be familiar. 

Suppose we are working on the five per cent level of significance. Then 
the rule is that any effect Arhieh is likely to occur by pure (shance less than once 
in twenty times on an average will be called ‘ significant ’. On the other 
hand, effects which are likely to occur more frequcnlly tlian once in t wenty 
trials will be called ‘ non-significant ’. Let us .see the ap[>lic!itiou of tlii.s rule 
in a concrete case. Suppose we have an experiment in which the treat- 
ments do not in fact produce any effect. Even then, with the pirwent rnhi. the 
effect will appear to be significant about once in twenty trials, and in 
remaining 95 per cent of cases we shall quite correctly decide the efl'ect to be 
nil. The risk of considering an effect to be real, when in fact it does not e.xisb 
is thus limited to just five per cent. Similarly working at one per cent level of 
significance, we limit the risk of our a'ceepting a spurious effect a.s real to one 
per cent. In other words we work with odds of 99 to 1 in our favour. 

I may point out at this stage a peculiar property of statistical inference. 
Suppose we are working on five per cent level. We have seen that even 
when the effect is nil, we shall judge it to be real once in 20 trials. In 
other words, if statistical theory is right, we must be wrong in our judgment in 
five per cent of the cases. The possibility, or rather, the certainty of " error is 
thus inherent in the structure of statistical inference. This knowledge is a, 
salutary check against an exaggerated sense of our own infallibility. 

The experimenter must, tliereforc, be careful in attacthing undue import- 
ance to an isolated result which may appear to" be statistically significant 
and yet does not fit in with general agricultural experience. Sueli rcsult.s 
should not be ignored, but should neither be accepted until corroborated by 
further experiments. On the other hand, results statistically insignifican't 
should not be always neglected. If they appear to be plausible from other 
considerations, further investigations should be made with increased precision 
of comparison. 

In short, the experimenter must use his critical judgment and di.scretion in 
the final interpretation of the results. Statistics is both indispensable and 
invaluable, but it cannot replace the human mind. 


Precision of Indian experiments 


Having reviewed the broader features of the new technique, it will be of 
some interest to examine the precision attained in Indian experiments. I am 
sorry, in the limited time at my disposal, I w'as unable to collect relevant 
information from the different provinces of India, I shaE, therefore, discuss 
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this point with the help of materials from Bengal and Assam which were 
readily available in our Laboratory. 

y The average standard errors per plot (expressed as percentages of mean 
yields) for four or five careful series of varietal trials with aijs and ama? 2 , rice 
at Chinsurah Barm during the five seasons 1932-33 to 1936-37 are shown below. 
(The figures within brackets give the number of experiments on which the 
average is based.) 

Bengal : Chimurah Farm varietal tests 


{Standard error per plot as percentage of mean) 



Rice crop 

Year. 

Am 

Aman 

1932-33 

11*61 (3) 

10*10 (6) 

1933-34 

9*68 (2) 

8*38 (3) 

10*06 (5) 

1934-35 

10*21 (6) 

1935-36 


19*10 (5) 

1936-37 

9*i9 (2) 

9*74(5) 


Similar figures for recent rice and sugarcane experiments in Assam for the 
period 1932-33 to 1935-36 are given below. 

Assam 


{Standard error per plot as percentage of mean) 


Centre 

Crop i 

Variety 

Manure 

1 

Complex 

Karimganj 

Rice 

6*78 (24) 

8*00 (4) 

8 -26 (6) 

Titabar 

Rice 

10*50 (20) 

7*98 (4) 

Jorhat 

1 Sugarcane 

8*21 (9) 

7*71 (7) 

16-46’(4) 


It wdU be noticed that in Bengal and Assam in the case of rice and sugar- 
cane, a standard error of or 10 per cent per plot is quite usual. 

Comparative figures for English experiments are quoted below from the 
Report of the Rothamsted Experimental Station for 193-5. 


English stations 


Crop 

Latin 

square 

Randomized 

block 

AH * 
arrange- 
ments 

Potato 

6*8 

9*2 


Sugarbeet 

6*1 

7*9 


Swedes 



6*9 

Mangolds 

. . 

. . 

8*2 

Kale 


• • 

7*7 
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Wisliart and Sanders [1936], are of opinion that a standard error of 5 per 
cent for root crops and of 10 per cent for cereals may be considered satisfactory. 
Judged by English, standards, the work in Assam and Bengal is therefore not 
unsatisfactory. I have no reason to think that careful work in other parts 
of India is in any way less accurate. 


Latin square v. randomized block 

Owing to the possibility of eliminating soil differences in two directions, 
one would expect the Latin square to be more accurate than the randomized 
block, and English experience has generally borne this out, I am not in pos- 
session of enough data to judge the position in India. My general iTuprossion 
is that the Latin square has been given preference here in small-scale varietal 
work. For large-scale work, I think on the whole the randomized bloclc lias 
been used more extensively in India, no doubt on account of its greater 
flexibility. One advantage of the randomized block is that an estimate of 
error can be calculated separately for each comparison. Yates [1035] has 
pointed out that ' this is of great value when handling new and unknown 
material, or treatments which may produce large differences and even partial 
or complete failures. In such cases the assumption of constancy of error 
variance is entirely unjustified, but in a randomized block experiment any 
treatment or treatments may be excluded and the analysis carried out on tlie 
remainder. This is not true of either the Latin square or of confoimded 
arrangements’. 

Complex or factorial designs in India appare4i% Iiave a slightly higher 
standard error per plot (of the order of 10 or 15 per cent of mean yield) than 
the simple Latin square or randomized block. This is probably 'due to the 
experimental difficulties in managing more than one set of factors'on the same 
plot and to large block sizes. 


Uniformity trials 

In a randomized block design the greater the homogeneity of plots within 
blocks the greater the accuracy of the experiment. In practice this can be 
secured experimentally only to a limited extent. But sometimes it is possible 
to increase the precision of comparison very considerably by suitable statistical 
adjustments. Suppose, for example, that the initial fertility of plots is known, 
from a previous uniformity trial in which the same variety is planted 
on aU the plots and given the same manuring, and the relative fertility 
of individual plots remains fairly stable ; then the yields in a succeeding 
year wiU be appreciably correlated with the yields in the uniformity trial. 
In this situation it is possible, with the help of the analysis of covariance, 
to make allowances for the initial differences in fertility among plots within 
each block. The use of such adjusted yields can then be used for the final 
comparison. This method has been sometimes known to have increased the 
precision even ten or twelve times. 

It should not be imagined, however, that this is always or even generally 
possible. In fact with annual crops the fluctuations in fertility of the same 
plot from year to year are usually so great that the increase in precision ob- 
tamed by this method is not in general commensurate with the expense or the 
delay of one season involved in a uniformity trial. 
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It is tlierefore usually unprofitable to conduct a uniformity trial as a pre« 
iiminary to the main experiment with a view to increasing its precision. Re- 
peating the actual experiment twice would most often give more information. 
This is why we have for a long time discouraged the adoption of a uniformity 
trial as a routine practice. It may be noted, however, that there are special 
circumstances in which such trials may be very useful indeed, for example, 
in the case of horticultural experiments. 

Size and sTm^e of plots 

We may now consider the question of size and shape of plots. As early as 
1910, Hall harvested a wheat and a mangold field in small units, and found 
that the variation between plots was appreciably reduced until the size reached 
was about 1/40 acre. It was therefore concluded, and the conclusion was 
corroborated by other uniformity trials, that the optimum size in England 
was somewhere about plots of 1/40 acre. 

We have had occasion to examine the results of a number of uniformity 
trials in India, and we found that for varietal trials in many cases the plot 
could be reduced, so far as precision is concerned, to a very small size of the 
order of 1/140 acre. Plots of size 1/80 acre or 1/40 acre also give quite 
good results and can be safely recommended for convenience of agricultural 
operations. Given the area, the question of shape or orientation comes in. 
Christidis [1931] showed from theoretical considerations as well as experimental 
data that long plots placed parallel to the fertility gradient gave the best 
results. Our experience in India is also more or less similar. Sugarcane 
experiments at Pusa and other places in North Bihar show that strips, the 
length of which is 10 or 15 times greater than the width, give more accu- 
rate results. Rice experiments show the same tendency but to a smaller 
extent. ■ 

Size of blocks 

The final precision of an experiment does not depend only on the best 
selection of plot size. What is needed is a choice of the optimum combination 
of the size of both blocks and plots. The best results will be obtained when 
the blocks are fairly homogeneous, (i.e. all the plots within the same block 
have nearly the same fertility), but differ appreciably as a whole between them- 
selves. It is obviously not possible to give any limits for the block size. If 
the soil is fairly uniform, it is possible to work with blocks of a large size ; 
on the other hand, if the fertility gradients are steep, the size of the blocks 
must be kept small. I had the opportunity of studying in detail the variation 
in soil fertility of a field of about one acre under rice at the Chinsurah Farm, 
which was harvested at my request in 7040 units of 9 inches by 90 inches 
(1/7744 acre). We tried many combinations of block and plot sizes, and found 
that a low standard error of about 3* 5 per cent of mean yield per plot was 
obtained with a block size of 80 ft. X 44 ft. (about 1/12 acre) with 8 plots* 
each of size 20 ft. X 22 ft, (1/100 acre). But considerably larger size of blocks 
160 ft. X 44 ft. (or about 1/6 acre), or 160 ft. x 88 ft. (1/3 acre) with 8 or 
16 plots each could be used with only a moderate increase in the error to 
about 5 per cent of mean yield per plot. 
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Success of the new technique 

From the brief review given above, T think it can be stated without hesi- 
tation that in India wherever the Fisherian technique has been used on proper 
lines in field trials, it has been found entirely satisfactory in every way and has 
given excellent results. The working procedure is very flexible so that it can 
be adapted to suit the most diverse problems and conditions of work. 

A good deal of valuable information regarding soil differences and the 
relative accuracy of different types of experimental designs is also fast accumu- 
lating in India. It is desirable in designing a new experiment that each 
experimenter should utilize aU available information relating to his own work. 
In this way he would be often able to get a good idea of the type of design 
likely to give the best results, and also to safeguard himself against too large a 
Tnargin of error by using an adequate number of replications or other methods 
of controlling soil differences. 


Concomitant variations and, correlational analysis 


I have already considered the use of uniformity trials, and I may now 
briefly refer to certain other methods of increasing the precision of field trials by 
using concomitant measurements and the analysis of covariance. The under- 
lying principle is simple. In a field trial there are many other factors besides 
yield which can be studied, and it often hapi)ens that some of these factors are 
correlated with the yield in the sense that variations in such factors cause (or 
are associated with) variations in the yield. It then becomes possible to 
separate and eliminate that portion of the variation in the yield which may be 
ascribed to these factors. In this way the precision of the experiment can be 
often increased very considerably. For example, it may happen in a field 
trial that the yields of different plots are disturbed by variations in the number 
of plants which have established themselves. When such disturbances are due 
to causes which have no connexion with the treatments under trial, it is clear 
that there can be no objection to making allowances for sut:h variations. 
In the iwesent example, by counting the number of plants in the different 
plots we can easily eliminate the variations in yield due to variations in 
plant number, and hence increase the xwecisiou of tho exi)eriment,. 

Similar methods may be used for eliminating the influence of varying 
intensity of attacks of pests and insects in different plots. It would bo most 
undesirable to reject some of tho yields simply because they appear to be too 
low. As Wishart and Sanders [1936] have remarked, ‘once a start is made 
in rejecting actual figures, there is no knowing where to stop .... a little 
skill in the game will lead to very significant, but quite untrustworthy 
results. There is no wish to impugn the reader’s honesty, but no man is so 
virtuous that be can afford to treat temptation with disdain ’. The position 
would be quite different if some observations were recorded on the intensity of 
the insect attack in the different plots before the crop is harvested. Such 
records can then be used for making adjustments without bias. 

The method of correlation or analysis of covariance can also be used with 
great advantage in other ways. If records of growth of the plant (height. 
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■ girth, tillering, etc.), are kept at^different stages, such records' can. he correlated 
with the final yield, and may he utilized to furnish valuable information on 
many points* These methods deserve greater attention than they have 
received so far in India, 

Missing yields of plots 

Before leaving the subject of field trials I may refer briefly to another 
^ question which occasionally arises in practice. Owing to accidents or negli- 

gence on the part of the subordinate staff, it sometimes happens that the yields 
of one or more plots are missing or get mixed up. In such cases it is often 
possible to reconstruct approximately the missing yields by purely statistical 
methods, and thus recover much of the information which would have been 
otherwise thrown away. Formulae for certain simple cases were given for 
this purpose originally by Allan and Wishart [1930] and a general solution 
was subsequently given by Yates [1933], Additions to the theory have been 
made in the Statistical Laboratory and have been used with success for certain 
types of mistakes which had actually occurred in India. It cannot, however, 
be emphasized too much that such procedures are at best make-shift arrange- 
ments, and the damage done by careless work cannot be repaired by such 
methods. In any case these methods must be used with very great caution. 

(p*- 

Use of random samples 

The use of concomitant measurements usually involves a great deal of 
labour, which can be often reduced very considerably by adopting the method 
of random sampling. Consider an ordinary field trial. Suppose for any 
i;, ^ reason, such as shortage of labour or inclement weather or some other difficulty, 

it is found impracticable to measure the complete yield of each plot. In this 
situation we may take one or more random samples from each plot and measure 
the yield of these samples. Or consider the measurement of the height of plants 
at different stages of growth in the case of a field trial. For ordinary crops the 
number of individual plants in each plot is very large, and it is practically 
I impossible to measure separately every plant in each plot. We may here take 

^ a random sample of the same number of plants in each plot, and measure only 

those plants which are included in these random samples. Sometimes corn- 
plete enumeration is not only impracticable but even theoretically impossible. 
For example, if the dry weight of plants is sought to be studied at different 
stages of growth under different treatments, it is obvious that necessary 
measurements cannot possibly be carried on the same plants, but only on 
portions of the material under observation. In such situations there is no 
alternative but to have recourse to random sampling. 

Fortunately, when used judiciously, this method is quite efficient, and the 
additional error introduced by this method is usually small. Thus, for 
instance, when the yields in a field trial are obtained by random sampling, 
the effective error variance wiU be simply the sum of the variance between 
plots and the variance, due to sampling. The latter being considerably 
smaller than the former, the increase in the variance will consequently be 
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small. The method of random sampling* has great posaiblities which should 
be more fully explored in India. 

Other applications of statistical theory 

I have considered field trials at some length as this is the main topic for 
discussion. But statistical methods have also been used with success in other 
types of work in this country some of which may be briefly mentioned at this 
stage. 

The principle of randomized replication has been used in pot culture, animal 
nutrition studies, experiments on incidence of pests, horticultural experiments, 
etc. Very recently it has also been used in sylvicultural experiments at the 
Forest Research Institute at Dehra Dun. 

Correlational analysis has been used in a number of investigations on the in- 
fluence of rainfall and other weather conditions on crop out-turn, and although 
valuable results have been obtained, the scope of such studies has been un- 
fortunately much restricted in India by the paucity of reliable crop data 
extending over a large number of years. A good deal of valuable work is 
being done, chiefly under the auspices of the Meteorological Department, in 
agricultural meteorology in which statistical methods are being used exten- 
sively. Modern statistical methods are being increasingly applied in linkage 
and genetic studies at the Indore Institute of Plant Industry and elsewhere. 

More advanced statistical technique has been occasionally used for the 
investigation of special problems, such as detailed studies of frequency distri- 
butions of cotton fibre in the Cotton Technological laboratory at Matunga ; 
the use of composite tests of significance in plant physiological work ; the use 
of quantitative measures of group divergence for the scdentiflc classification oi‘ 
varieties, etc. In the limited times at our disposal it will not be possible to 
discuss with profit such recent developments in detail. 

On the whole, it may he said that agricultural workers in India have 
shown great readiness in using statistical methods, and have fully re.spouded 
to the lead given by the Imperial Council of Agricultural Ros.:ii,i ch in this 
matter. Given necessary guidance and facilities, there i.s every reason to 
hope that the use of such methods will .steadily extend in India. 


n. The FUTUEE PKOGBAMME 
Problems of special importance to India 

We may now consider the future programme. It was only natural that 
in the pioneer stage, much of the work in India followed closely the agricultural 
practice at Rothamsted and other English stations. But with the valuable 
background of experience gained during the last six or seven years, and with 

* To be quite pedantic it should be called ‘ random sampling from random samples ’. 
For, all statistical work is necessarily based on random samplas. The plot yields in a 
field trM, for example, are considered to be random samples from the hypothetical 
population of similar yields from the same plots under similar treatments in similar ' 
c^umstances. Complete enumeration here merely means measurement of complete 
yields of all the plots which together constitute one single random sample. Tn the 
method of ‘ r^dom samples smaller random samples are taken from the plots. 
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the better organizatioii of statistics in India, the time has come for nsing statis- 
tical theory and developing suitable methods for the study of problems of spe- 
cial interest to onr country. A few suggestions in this connexion may be 
nsefnl as a basis for discussion. 

Rainfall and irrigation in relation to agriculture 

We are all familiar with the essential facts. Agriculture is the basic 
occupation, and the prosperity of trade, commerce, and industry are more 
dependent on it in India than in most countries of the world. The seasonal 
rainfa’I is concentrated within a comparatively short period, but fluctuates 
widely both in total amount as well as in distribution from year to year. A 
good monsoon with well-distributed rain usually means good crops and general 
prosperity, while a bad monsoon still causes, over a vast area, failure of crops 
and widespread distress. 

Water conservation, irrigation, and drainage naturally constitute a subject 
of overwhelming importance, and I hope to be excused if I dwell at some length 
on this question. I have had the opportunity of studying in some detail 
the problem of rainfafl and floods in Bengal and in Orissa. This has made 
me realize how great is its direct and indirect bearing on agriculture. In most 
parts of India, we have enough rainfall to produce sufiioient foodstuif for our 
present population. Our real problem is to conserve the water, prevent waste, 
distribute the available supply in the most efficient way over different areas 
and at different times according to agricultural requirements for the production 
of the optimum crop, and finally to drain away the excess without causing 
any mischief. Viewed in this way irrigation, drainage, flood control, and 
agriculture are merely different aspects of the same fundamental problem. 

We possess fairly satisfactory data about rainfall, owing to the activities of 
an efficient Meteorological Department. We also have some, though neither 
enough nor quite reliable, data relating to rivers. But unfortunately the chief 
gap is in the agricultural knowledge. 

Let me give a concrete exarnple. I had occasion recently to examine a 
large irrigation scheme in Bengal which had the dual purpose of supplying 
water for crops at times of deficient rainfall, and of flood flushing the area 
as an anti-malarial measure. The future health, prosperity, and happiness 
of one million people depended on the success or failure of the scheme. 
We could estimate from past records with reasonable accuracy what deficiencies 
in rainfall were to be expected in future. We could also calculate how much 
water could be supplied from the Damodar river at different parts of the season. 
But unfortunately the agriculturists were quite unable to supply reliable 
information regarding the optimum water requirement of paddy. It was 
not possible therefore to make any estimate with confidence of the increased 
yield which might be reasonably expected with irrigation from the available 
supply. And yet this was the critical factor on which everything hinged. If 
the increase in production was sufficiently large the scheme would succeed ; 
otherwise it would fail. The effect of a wrong decision either way would be 
disastrous. If the scheme were abandoned when in fact it might have succeed- 
ed, a great opportunity would be lost. If it were proceeded with but failed, 
such failure would jeopardize for at least one generation the initiation of other 
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schemes even when the prospects of success were great. I had to make the best 
of a bad job, and tried to get round the difficulty by using statistical methods 
in a rather speculative fashion. 

But that is a different story. To come back to our topic, we need then 
careful studies of the influence of rainfall and other climatic factors on crops. 
Such studies would be useful in two ways. First, for supplying badly needed 
information about the water requirement of crops. Secondly, for purposes of 
forecasting ; even when a failure of crops cannot be prevented, early informa- 
tion may often enable ameliorative action being taken in time. 

Permanent climatic series 

It will be desirable therefore to start well-designed experiments in different 
parts of the country for studying the influence of rainfall and weather conditions 
on the yield of standard varieties of crops. The experiments will be definitely 
of the long-range type, and will be continued for many yeai-s. Arrangements 
will also be made for recording a number of carefully selected meteorological 
elements. In planning this series, the needs of the country as a whole will be 
naturally kept in mind, and the work will be standardized sufficiently to 
enable valid comparisons being made between results obtained at different 
stations. 

Phemlogical obsermtions 

The question of starting systematic phenoiogioal observations (such as 
earliest and latest dates of flowering of well-known plants, passage of migra- 
tory birds, advent of seasonal pests and insects, etc.), may also be given 
careful consideration in the same connexion. Such observations are likely to 
prove useful in many ways, not only in the study of seasonal variations of the 
weather, but in the control of pests and blights, and in throwing light on the 
behaviour of plants to environmental conditions. 

Irrigation experiments 

Well-designed experiments will also hare to be laid down for the direct 
study of water requirement and the growth of crops under irrigation. In the 
first stage it will probably be desirable to conduct such experiments under 
conditions in which both the supply and the drainage of water can be con- 
trolled at desired levels. As experience is gathered, it wiU no doubt be 
possible to approximate more closely to field conditions. 

In certain parts of India waterlogging and floods are often of almost as 
great unportanee as the laick of water. Carefully designed experiments are 
therefore needed for studying questions of seepage, waterlogging, etc., under 
actual agricultural conditions. 

Soil erosion is a problem of importance in many regions. This question is 
closely connected, with run-off and drainage, and require to be studied in 
relation to irrigation. The possibilities of using agricultural methods, such as 
plantmg of suitable crops of trees for controlling boU. erosion, deserve investi- 
gation in the same connexion. 

All these imgation experiments, to give the best results, require the active 
cooperation of the engineer and the agriculturist ; while the scope of using 
statistical methods m practically unlimited. ■ 
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Soil studies 


Another problem of great importance is the study of the soil, and of the 
changes in its condition, in different parts of the country* As regards pro- 
gressive deterioration, the Royal Commission on Agriculture [1928] was of 
opinion : ‘ While paucity of records of crop out-turn throughout India over any 

period of time makes the matter impossible of exact proof, we are of 
opimon that the strong presumption is that an overwhelming proportion of 
original lands of India long ago reached the condition to which experimental 
data point’* 

Permanent manurials 

Careful experiments are needed to study whether soil deterioration is still 
progressing, and if so at what rate, and also to study the influence of different 
types of manures to prevent such deterioration and maintain the soil in a 
healthy condition. The time has therefore come to lay down a series of 
permanent manurials on modern lines at a number of selected stations. Where 
practicable, the manurial series may be suitably combined with advantage with 
the climatic series. 

Multiple experiments 

Multiple experiments offer great advantages for the study of climatic, 
varietal, manurial, and other questions. In this plan a number of experiments 
of the same type would be laid down with the same or similar groups of varieties 
or treatments in different parts of the country. Owing to the large differences 
in soil and cKmatic factors, not only between different provinces but even in 
different districts of the same province, these experiments would be conducted 
under widely varying conditions. 

The work will have to be planned as a whole. When the same set of 
varieties or manures or other treatments caimot be used in aU the experiments 
of a given series, it should be stfll. possible to link up. the work by providing 
overlapping treatments through which comparisons can be made with con- 
fidence. Standardization will obviously be necessary, but sufficient flexibility 
must be retained to adapt the work to suit local needs. 

If the multiple series is designed as a whole, it will be often possible to con- 
duct a joint analysis of the results, and to study the influence of the variations 
in the different factors. In this way valuable information might be obtained 
in a few years which would otherwise take a very long time to collect. In 1931 
I had pointed out the need and scope of such multiple experiments under 
Indian conditions and had pleaded for their adoption at the joint session of the 
Agriculture, Physics and Mathematics sections of the Indian Science Congress 
at Nagpur. Six or seven years ago the time was probably not ripe for under- 
taking such experiments on a large scale. But the Fisherian technique has 
now become so familiar that it should not be difficult to start them in the 
immediate future. 

Cultivation and rotation experiments 

Other problems of special importance in India are connected with methods 
of cultivation and rotation of crops. Given soil and water, the basic 
problem is to secure the greatest return to the cultivator, A wide outlook is 
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desirable in designing such experiments. When we compare different methods 
of cultivation, for example, it is obviously not sufficient, merely to concentrate 
attention on which method gives the largest yield of crop. It is also ne(;essa.rv 
to take into consideration the question of relative costs, the real aim being to 
find out which method will secure the largest net return to the (uiltivator. 
Similarly, in rotation experiments it is not enough to concentrate attention 
on merely the influence of a particular crop in one year on the yield of another 
crop in a succeeding year. The object should be to find out that particular 
sequence of crops which, after making allowances for differences in the 
cost of cultivation, would on an avera.ge secure f.ho highest profit over a 
number of years. 

Cro2)-cuttiwj experiments 

Although crop-cutting experiments do not fall under field t rials, i woiikl 
like to point out how .such experiments may be made to supplemcni the in- 
formation obtained from field experiments. Consider any given region. In 
an adequately designed crop-cutting exjreriment this region will be divided into 
a number of homogeneous zones with more or less the same type of soil, climate, 
irrigation facilities, type of crop, method of cultivation, etc. Suppose we 
now arrange to conduct the crop-cutting work at a number of .s()ots selected 
strictly at random (but so arranged as to include all f he varieties or conditions 
we desire to study) within each zone. The experiment n.s a. whole will then 
resemble, on a very large scale, a field trial with a design of the randomized 
block type. I am not suggesting that in practice it will be possible to preserve 
the analogy in detail. But I think it should not be difficult to plan a crop- 
cutting experiment as a whole in sucli a way as fo supply useful inforjuation 
regarding the performance of different varieties or treatments under actual 
cultivating conditions on a large scale. 

Apart from such considerations, a crop-cutting experiment of course has 
its very important primary function of supplying information about the total 
out-turn of crop. As the only method available here is that of random samples, 
this question offers great scope for the application of statisti(«d theory. Valii- 
able pioneer work has been done in the United l^rovinees in tliis (joimexion. 
but the subject is of sufficient importance to deserve systetnaf iv and susfaincfl 
study in other provinces. 

Plnee, of statistics in. a<jnculture. 

Before eoricluding I would like to make a few generalremarks about, fim 
place of statistics in agriculture. It is I hope sufficiently clear from the previous 
discussion that the first function of statistical theory is to supply an adeejua te 
technique for collecting the primary data in such a way that valid inferences 
may be drawn from them. The use of the principle of randomizerl replication 
in some form or other is indispensable for this purpose. The second function 
is to extract the whole of the information contained in the data in the most 
efficient way. It has been already pointed out that the appropriate method 
for this purpose will depend entirely on the particular way in which the process 
of randomization is introduced. 

We have seen how successfully these principles have been xi.sed in the case 
of field trials. It is essential that the same principles should also be appfied in 
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the case of experiments of all other kinds. There is great scope for work in this 
direction in India, For, I am afraid, the need of statistical methods in experi- 
ments other than field trials has not yet been sufficiently recognized in this 
country. Much effort and time have been wasted in consequence. 

Need of definite statistiml objects 

In fact it would be a salutary practice in most experimental studies to 
from taking any measurements or recording any observations whatso- 
ever until one was satisfied that these could be utilized in a valid manner for 
' some useful purpose. In any case, it would be a safe rule to carry out a trial 

analysis with available material at the earliest opportunity. If this was done, 
it would often reveal gaps in the data or defects in the method of collecting 
them which could be often put right in time. If one waited until the end it 
would usually be too late. 

Indeed in India it is tragic to see the enormous amount of statistical 
material which is collected at considerable expense but which is never used, or 
which can never be used in any way except as food for white ants. It would 
save a great deal of labour and money if no measurements or observations 
were recorded without a definite statistical purpose in view. 

As already pointed out, in order to secure this end, the process of randomi- 
zation and the projected method of analysis must be such that it would be 
, possible to make precise statements as to the significance or non-significane of 

the results. When, as is usually the case; some previous information is already 
available, it is further necessary that the experiment should be designed in 
such a way that the expected precision is adequate for the purpose in view. 

StaUstics as a tool and> not file end 

Even this is not sufficient, something more is necessary. Before starting 
an experiment each worker should satisfy himself that, if the experiment is 
successful, something will be gained which is worth the time, labour, and money 
spent on it. I frankly confess that I have sometimes wondered whether this 
condition had been really fulfilled in the case of some of the agricultural experi- 
ments which I have had occasion to examine. I know that this is treading on 
dangerous grounds, but I do not think it can be emphasized too much that 
statistics is merely a means and not an end in itself. Wishart and Sanders 
» [1936] have wisely remarked : ' In these days it is difficult, but very important 

to keep a sense of proportion over the question of experimentation. The 
statistical side has been given so much prominence in recent years that there is 
a real danger of statistics being regarded as the main interest in experiment- 
ation’. 

Safegua.rds against statistical excesses 

Agriculturists must not therefore allow statistics to degenerate into a kind 
of mysterious cult. Tlie fundamental principles are easy to understand, and 
there. is no reason why tlie experimenter should not take an intelligent interest 
in the designing of experiments. The statistician, owing chiefly to constant 
practice, is more skilled in handling certain technical tools which can be safely 
left to him. But it is the experimenter who is in a better position to judge the 
value of the experiment as a whole in its wider aspects. 

Fortunately statistics itself may be used as a check against its own excess. 
It is possible, and possible only by statistical methods j to determine with 
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scientific precision the marginal (or additional) cost in money and human 
lahour for obtaining any given amount of additional information or increased 
accuracy. In this way a kind of scientific cost accounting of experiments can 
be made possible, so that the experimenter may be guided in his decision by 
rational considerations. 

Cooperation between agriciiUurists and statisticians 
In India there is always a danger of our not being able to see the wood 
because of the trees. The only corrective is to keep the basic problem promin- 
ently in view. The experimenter should constantly remind the statistician 
(and also himself perhaps occasionally) that improving the standard of living 
of the 360 millions of our countrymen by increasing the produce of the earth 
is the ultimate aim of aU agricultural experiments ; and that how far progres.s 
is made in this direction is the final test by which all work wiU have to be Judged. 
This is the only way in which the agriculturist will be able to breathe 
life nto the dry bones of statistics. I therefore plead for a close, friendly, 
active, and fruitful cooperation between the agriculturist and the statisti- 
cian in this task. 

Appendix I 

Mean squares in analysis of variance : Ghinsurah complex experiment on rice, 

im-36 


— ■ 

Degrees 

of 

freedom 

i 1933 

1 1934 

1936 

S' 

I ■ 

Block . , . . , 

2 

144098 

369084 

76633 

Date of planting . . . . 

■ 4 ■ 

2389142** 

499687** 

6417487** 

Error . , . . . . 

8 

30461 

40666 

23907 

Variety . . . , 

■'■■"2 ' 

708517** 

564263** 

385807** 

Error , , . * . . 

4 

12466 

19494 

16339 

Planting x Varieties . , 

8 

29608** 

37276** 

26112** 

Error , . . * . . 

16 

4269 

8181 

3018 ' 

Spacing ... . . 

2 

64848** 

4061 

10809** 

Seedling . . . . . . 

2 

32691** 

6733 

2028 

Spacing X Seedling . . . . 

4 

1396 

3221 i 

906 

Planting X Seedling . . . . | 

8 

: 2484 

6670 ! 

1236 

Planting x Spacing . . . 

8 

6320* 

1814 ! 

970 

Variety X Seedling . 

4 

1112 

10710* 

1065 

Variety x Spacing . . , , 

4 

1306 

4898 1 

1331 

Planting x Variety x Seedling . 

16 

3991* 

2880 

1306 

Planting x Variety ‘ x Spacing . . i 

16 

2962* 

5347 ' 

1761 

Planting x Seodling x Spacing . 

16 

1442 

1686 1 

848 

Variety x Seedling x Spacing . 

8 

1198 

4634 ; 

1060 

Planting x Variety x Seedling X Spao- 



! 


“ . 

32 

947 

2289 

1779 

Error . . . . . 

240 

1364 

2847 

1882 

— — — — — — ^ 







* Indicates significance at 6 per cent level. *• Indicate significance at one per cent level 


'-i ■ 




^1] AGillCULTtML FIELD EXPERIMENTS IN INDIA 2ll 

Note.— results are given for the three seasons 1933, 1934, and 1936 as the ex- 
periment failed in 1935 owing to drought. The test of significance indicates that the 
effects of the three varieties of rice, of the five dates of planting, and of their mutual 
interaction of the first order were appreciable in all the three seasons under observation. 
Variation of spacing also showed significant differences in 1933 and 1936 but not in 1934. 
Other effects were either insignificant or significant only for one season. A detailed ex- 
amination showed that the variety called bkasamamJc gave the highest yields at Chinsurah 
during all the three seasons. The fii*st week of August was found to be the best date of 
planting ; in fact the yield showed a distinct tendency to be lower if the transplanting 
was finished earlier or delayed by a fortnight. A close spacing and an increased number 
of seedlings per hole were necessary to insure against late transplantings, particularly 
in years of adverse rainfall distribution. But under a favourable monsoon, small varia- 
tions in spacing or seedling munbers produced practically no differences in yield. Finally 
the superiority of one variety over another was not identical for all ths dates of planting 
but was found to be significantly associated with the time of transplanting. 

Appendix II 

No!e on variance^ standard error ^ covariance, etc. 

Let 0^2 .a?n be the yields of n plots. Then the average 


yield is defined as x 


+ ^ 2 . • 


The ' deviation ’ (or ‘ error ’) of the yield is simply the difference between 
any individual yield and the average, i.e, (irj — x), — x), etc. The ‘ sum of 

squares of deviations ’ is given by {Xx — + • — 

......... ( 2 ). 

The ‘ variance ’ of the yield is defined as the sum of squares of deviation 
divided by (n—1), or 

+ • • • • • • • • ...... . {Xn —Xy 

(7.-1) 

H®re (n — 1) represents the degrees of freedom ’ which can be usually 
identified with the number of independent comparisons possible in any giveii 
case. In the present example, we can clearly have {n — 1) independent com- 
parisons between the yields of 7. different plots. 

It will be noticed that ' variance ’ represents a kind of average of the 
squares of deviations. The ^ standard deviation ’ or ' standard error ’ is 
defined as the square root of the variance (which is sometimes also called the 
‘ root-mean-square-deviation ’ or ‘root-mean-square-error ’). 

The variance defined in equation (3) is the variance of individual plots, 
and the corresponding standard deviation or standard error obtained by 
extracting the square root is the ‘ standard error per plot ’. 

The ‘ variance of the mean ’ of the yields, i.e. of x is obtained by dividing 
the variance of individual plots by t?., the total number of p ots concerned, 
■i.e."is given by ■■ " ■ ■ 

^ "b (^2 • V* * * * * * * * * * y * ^ * . . ( 3 ?^— — ir )2 

n ■ A,, 

The ‘ standard error of the mean ’ is the square root of the above ex- 
pression. 

When more than one character (or variate) is present, the covariance of 
any two characters (or any two variates) is similarly defined as the sum of the 
products of the corresponding deviations divided by the degrees of freedom. 
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Thus if («!, 2/1) {x^, 2/2) (Xn,yn) are the n pairs of Talues of the two 

characters, and x and y their respective averages, then the covariance is giveti 
by 

{Xi — x) (2/1 — y) + (y^r^) b * CVw— 

(^^=i) 

Main effect and interaction.— li we have p treatments (or fectors) then the 
main effect of each treatment (or factor) is the mean value of the relevant 
treatment (or factor) for all combinations of the other factors. Ifie main effect 
is thus obtained by taking the average over all plots in which this particular 
factor occurs. 

When two or more factors or treatments are used at the same time as in 
complex (factorial) experiments, the total effect due to the joint influence of 
two (or more) factors may or may not be equal to the sum of the effects due to 
each of the factors taken separately. Interaction between the factors is 
defined as the magnitude of the departure (if any) from the total effect caleulaf- 
ed on the additive hypothesis. When the different factors act independently 
the joint effect will be necessarily additive, and the interaction wUl be con- 
sequently nil. 

In an experiment involving p factors, we can consider the factors in |>airs, 
and we shall have one first-order interaction (for!‘espoiKling to ea^di pair or 
first-order interactions altogether. V¥e (tan also consider tlK‘ factiors 
by threes, and in this case, if the first-order inleru<*tions are affected by the. 
presence of the third factor, then we shall get sei-ood-order interactions. In 
the same way we can also consider higher order interactions, imi usually high 
or der interactions are of little practical importance. 
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A NOTE ON THE ANAI.YSIS OE 3^ AND 3^ DESIGNS 
(WITH THREE-FAGTOR INTERACTIONS 
CONFOUNDED) IN FIELD EXPERIMENTS 
IN AGRICULTURE 

BY 

M. VAIDYANATHAN, M.A., L.T., F-S-S. 

AND 

S. SUBRAMONIA IYER, M.A., P.S.S. 

Imperial Council of Agricultural Research 

(Receh’ed for publication on 19 December 1939) 

Intkodtjotion 

O N the recommendation of the Joint Committee of Field Experiments in 
Agriculture of the Imperial Council of Agricultural Research, certain sug- 
gestions for replanning of manurial experiments for rice and sugarcane were 
made to the provinces and states, and most of these have been accepted for 
> adoption from 1939-1940 season. Of the designs suggested by the Committee, 

what are now known as ‘ factorial designs ’ are important. These are on the 
lines of the designs adopted at the Rothamsted Experimental Station in Eng- 
land, which the senior author of this paper had the opportunity of examining 
in detail at close quarters during 1937. As the idea of ‘ confounding ’ the 
effects with block ^fferences is comparatively new to the agricultural experi- 
menter in India, it may be stated even in the begmning that the object of 
‘ confounding ’ with the blocks is to reduce the block-size which will otherwise 
become huge in a factorial design involving a number of levels of different 
factors. This is done without disturbing the interpretation of mam effects and 
interactions on which we are interested. Thus with a 3* design, (i.e. with 3 
levels of each of 4 factors), in the usual randomised block method there would 
be 81 plots in a block, which is obviously too huge for a correct interpre- 
* tation ; but if it is possible to confound some of the higher order interactions 

(say three or four factor interactions) with the blocks, without disturbing the 
main effects and lower order interactions on which we are interested, the 
block size can be reduced with only those treatments included in a block giving 
the desired comparisons. Similarly in a 3» design, even 27 plots are too huge 
for a block and we may confound with the blocks some of the three-factor 
interactions. 

Again, where we are dealing with a 3* design, if it is not possible to repli- 
f cate and find sufficient space for the experiment, Fisher has shown that even 

I with a single set of 81 plots (without replications) it wiU be a valid interpreta- 

? tion of the data if higher-order interactions are treated as error [See ‘ Design 

j of Experiments ’ p. 116 (second edition).] 

L ( 213 ) , . 
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But ii it is possible to find space for a number of replications, then we may 
adopt what is known as ‘ partial confounding by which interactions con- 
founded in one block are not confounded in the rest, and all ‘ confounded intei'- 
actions ’ are distributed over all the blocks, so that it may be possible to obtain 
some information for interactions confounded in one block from the blocks 
where they are not confounded. 

The principles of planning and analysis of and 3* designs have been 
dealt with by Yates in ‘ The Design and Analysis of Factorial Experiments ’ 
(Technical Communication No. 35 of the Imperial Bureau of Soil Science). 
The object of this note is to explain fully the computations involved in the 
analysis of such designs so that they may be easily understood by the agri- 
cultural experimenter in India. Part I deals with 3* design and Part II with 
3* design. 

PART I 

Analysis of 3^ design (27 plots) split up into 3 sub-blocks of 9 plots each, such that 
2 degrees of freedom ol three-factor interactions are confounded 
with the three sub-blocks 

We shall first illustrate the methods of analysis in the case of a S'* design 
(i.e. total of 27 plots) split up into 3 sub-blocks of 9 plots each such that 2 
degrees of freedom of three-factor interactions are confounded with the three 
sub-blocks (note when 2 degrees of freedom are confounded with the blocks we 
want 3 sub-blocks, for 3 degrees of freedom 4 sub-blocks and so on). 

: Material ' 

The data relate to an intercultural experiment on sugarcane conducted at 
Shahjahanpur, United Provinces, during 1938-39. The details of treatments 
are shown in Table I with the actual lay-out and plot yields. 

The following are the details regarding the experiment 
Size of plot 63 ft. X 244 ft. = 1/28-24 or 0-0364 acre 
Size of plot harvested 69 ft. x 174 ft- = 1/42*19 or 0-0237 acre 
Basal manuriag— Nil. ^ 

Irrigation — Vide treatments in the experiment 
Variety of cane — Co 312 

Systemofplanting.— Planted on flat 34 ft. apart in rows on 27th 
January 1938 

Experiment— Unreplicated into higher order interactions used as 
‘ error ’ 

The following statistical procedure is suggested in analysing the data 
Formation of totals 

Table I gives the plan of layout and plot yields d,s,n standing for inter- 
culture, irrigation and nitrogen respectively, d, s, n are written in the same 
order and rank throughout. From Table I we obtain Table II, arranged in a 
conventional way ; dg, di, d^ written down, Sj, across, and n^, n^, 
further up also across. This way of writing down the data of yield of treat- 
ments has the advantage that we can form from it two-way tables i e with 
two factors only with facility, (l), (2) and (3) of Table IH give two-way 
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totals of ds, dn and sn with their marginal totals. (4) and (5) of Table III 
gives for each of and diagonal totals I and / formed out of the nine 

values (la) — . 

If the nine values are written in the following order 

■ d ■■■■'"■' ''.'7 ' ' ' ' ' 

' (A) 2 : / 5' ■ 8 

' ■ a 6" 9 . 

^ then = 1 + 5 + 91 = 1 + 6 + 8 

(J) 4 = 2 + 6 + 7 HJ) J, = 2 + 4 + 9 
4 = 3 + 4 + 8J 4 ^ 3 + 5 + 7 

It may be noted that (A), (J) and (J) have the first columns identical, 
second and third columns of both (J) and (/) are permutations of second and 
third columns of (A), /i is top left-bottom right diagonal of (A), /g is top- 
right bottom left diagonal and that row-wise both (I) and ( J) add up to 15. 

These / and / totals will be found useful for calculating two-factor inter- 
actions. Similarly for calculating three-factor interactions, we form diagonal 
totals out of (Wg, Wi, n^) (4, ^ 2 )? (J'u ip the same way 

as original / and / were formed. We thus obtain If 2, If 3 ; Xj, Xg, Xg ; 
Fi, fgjXg and Z^, Zg as given in Table IV. Now the totals X^X^yX^ 
> are those of the three sub-blocks, showing that the particular 2 degrees of 

freedom are confounded with the blocks. 

Analysis of variance 

First calculate the total sum of squares of the 27 values in the usual way 
[i.e. square each of the 27 values, add all the squares, and subtract the correc- 
tionfactor: — 

(total of the 27 values) 2], 

■ '2T ■+ 

Then Table V gives sums of squares for the main effects and two-factor 
interactions calculated from the totals of the three two-way Tables of Table 
TIIq^ (See details of working). 

The sum of squares corresponding to the confounded and unconfounded 
pairs of degrees of freedom of the three-factor interactions are found from 

Table IV, from (W), (X), (F), (Z), remembering that TFi, ITg are 

totals of nine plots. 

{Check : — ^The total sum of squares for 26 degrees of freedom on the basis 
of 26 values should tally with the sums of squares for 26 degrees of freedom got 
independently as explained above). 

Table V further gives the analysis of variance into two-factor and three- 
factor interactions split up respectively into /, J ; TF, X, F, Z. Though it 
may not be necessary always to split up into above sets the process will help 
an understanding of the method of analysis, and explain the procedure of 
‘ confounding’. Of the three-factor interactions, as 2 degrees of freedom are 
confounded with blocks, the other 6 degrees of freedom are taken to consti- 


tute * error On this basis, in this particular case none of the effects is signi- 
ficant at P = 0*05. 
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Table I 

Field (G6) 


Treatments 

Tmgation 
2 imgatioBs (%) 
4 irrigations (Sj) 
6 irrigations 


Nitrogen 
01b. {%) 

100 lb. (wi) 

2001b. (%} 


Intereulture 
Akola Hoe (do) 
Pt Jtinier (dj) 
Kashi (da) 


Table, II: 

YiMs of separate treatment combinations 



rl 

f 




i 

to , „ ' 
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Table I 

II 


Two-way tables for calculating main 

effects and two factor interactions 






do 

67 -90 

62-38 

63-76 

184-04 

(1) 4 

56-62 

61-90 

65-96 

184-48 

' ■ 

6M6 

60-19 

65-66 

177-00 


»o 

% 

ng 


do 

62-06 

61-16 

60-82 


(2) 

60-57 

60-59 

63-32 


do 

58-48 

62-68 

55-84 


^0 

52-88 

57-04 

65-75 

165-67 

(3) 

62-61 

62-73 

59-13 

. 184-47 

«2 

65-62 

64-66 

65- 10 

195-38 


no 


ng 

' 


64-33 

62-62 

58-51 


(4) h 

60-73 

60-84 

59-00 


h 

56-05 

60-97 

62-47 


Jt 

63-88 

57-52 

62*65 

1. 

(5) Jo 

62-28 

62*57 

59-81 

' " ^ ■; 1 

*7s 

54-95 

64-34 

67 -52 

■ ■ . . ■ ; i:' 


181-11 

184-43 

179-98 




Table IV 

' ■ ' ■ 'v: 

... 'r V'', 


Three-factor interactions 

' ■■■ ■ 


1 


2 

-S:'' i 

(F) 

187-64 

180 

•21 

177-67 

(X) 

184-30 

186-82 

175*40 

(r) 

183-97 

189 

-27 

172-28 

(Z) 

188-03 

177 

•32 

180-17 





. ■ ""f: 

^ . 




■ 

Ki- .... . , , 
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Table V 

Analysis of variance 

Degrees of Sum of 

freedom squares 

• V ..2 3 « 9150 : , 


Mean 

square 


25*0054 Even this high ratio 
shows ' Not Bigriifi- 
0-5945 cant h , , 


Main effects 


q"wo factor inter- 
actions 


fF (Error) 2 

I X (Confonn- 2 

<( dedwith 
blocks) 

y. (Error) 2 

, (Error) 2 


DSN 

Three 


eractions 




Conclusions 

None of the effects are significant even at P =-■ 0- 05 

DeTA^S OF WORKING 

Table in (from Table II) 

(1) do «o = 20-68 -f 17-97 + 19-26 = 67-90 

do «i = 20-63 + 21-00 -I- 20-75 - 62-38 

do St = 20-76 -f 22-19 ■+■ 20-82 = 63-76 

andso on . ' 
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(From Table 11) 

(4) & (6) 

■ h Wo = 20-68 + 20-46 + 23-20 = 64-33 

Wo = 18-46 + 21-63 + 20-76 = 60-73 

Jr, Wo = 13-76 + 20-63 + 21-67 = 66-06 

Wi = 17-97 + 21-96 -f 22-70 = 62-62 
I, Wi = 18-87 + 19-78 + 22-19 = 60-84 

Jg Wi = 20-20 + 21-00 + 19-77 = 60-97 

I, w, = 19-26 + 19-60 + 19-76 = 68-61 

I* Wj = 19-30 -f 18-88 + 20-82 = 69-00 

7j Wj = 17-20 + 20-76 + 24-62 = 62-47 

Ji»o = 20-68 -+• 21-63 + 21-67 = 63-88 
JjWo = 18-46 + 20-63 + 23-20 = 62-28 
J*Wo = 13-76 -f 20-46 + 20-75 = 64-95 

JiWi = 17-97 + 19-78 + 19-77 = 67-62 
JjWi = 18-87 + 21-00 + 22-70 = 62-67 
JjWi = 20-20 + 21-96 + 22-19 = 64-34 

J'jW, = 19-25 + 18-88 + 24-62 = 62-66 
JjWj = 19-30 + 20-76 + 19-76 = 69-81 

J, w, = 17-20 + 19-60 4- 20-82 = 67-62 

Table IV 

From (4) of Table III 

Wj, = 64-33 -f 60-84 -f 62-47 = 187-64 

Wt = 60-73 + 60-97 + 68-61 = 180-21 

1^3 = 66-06 4- 62-62 4- 69-00 = 177-67 

Xi = 64-33 4- 60-97 4- 69-00 = 184-30 

Xj = 60-73 + 62-62 4- 62-47 = 186-82 

Za = 66-05 4- 60-84 4- 68-61 = 176-40 

Ti = 63-88 4- 62-57 4- 67-62 = 183-97 

Fj = 62-28 4- 64-34 4- 62-66 = 189-27 

Fg = 64-96 4- 67-62 4- 69-81 = 172-28 

= 63-88 4- 64-34 4- 69-81 = 188-03 
Zf = 62-28 4- 67-62 4- 67-62 = 177-32 
F, = 64-96 4- 62-67 4-62-66 = 180-17 



Table V 

For D (2 D. F.)— 

(184-04)* 4- (184-48)* 4- (177-00)* 


= 11026-8436— 11021-9285 
= 3-9160 

For S (2 D. F.)— 


(166-67)* 4- (184-47)* 4- (196-38)* 
9 


C. F. 


= 11072-1193— 11021-9286 
= 60-1908 
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For N (2 D. F.)— 

(181-11)“ + (184-43)® + (179-98)“ 


= 11023-1176 
= 1-1890 


9 

11021-9286 


fl 

For DS •< > we get from (1) of Table III 

LJ 


'= 67-90 + 61-90 + 66-66 = 186-46 
/, = 66-62 + 60-19 + 63-76 = 180-67 
I, = 61-16 + 62-38 + 66-96 = 179-49 
ThenDS(I)(2D.F.)— 

(186-46)“ + (180-67)“ + (179-49)* 


= 11024-1774 
= 2-2489 


11021-9286 


Siniilfiirly j 

J, = 57-90 + 60-19 + 66-96 = 184-06 

Jl = 66-62 + 62-38 + 65-66 = 184-66 

j‘ = 61-16 + 61-90 + 63-76 = 176-81 

DS (J) (2 D. F.) 

(184-06)“ + (184-66)“ + (176-81)“ 
9 


fl 

For DN ■( , we get from (2) of Table III 

\j 


11026* 1660— 11021-9285 
4*2375 


62-06 + 60-59 + 55-84 = 178-49 
Jg = 60-57 + 62-68 -f 60*82 = 184-07 
I, 58-48 + 61*16 -f 63*32 = 182*96 
DN (I) (2 D. F.) 

(178*49)^ + (164*07)2 -f (182-96)2 


= 11023*8674 ■ 
- 1*9389 


9 

11021*9285 


Similarly, 

J. = 62*06 + 62*68 + 63-32 
Jg = 60-67 + 61-16 + 55*84 
Jg =- 58-48 4- 60*59 + 60*82 

Diy (J) (2 D. F.) 

(188*06)8 4. (177*57)8 + (179*89)8 


188*06 

177*57 

170*89 


11028*6766 . 
6-7471 


9 

. 11021-9285 


— C.F. 


C.F. 


— 0,F. 


C*F. 


cj; 
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For SiV ^ , we get from (3) of Table III. 

li = 52'88 + 62-73 -f- 65-10 = 180-71 

Fj = 62-61 -f 64-66 4 - 56-76 = 183-02 

h == 66-62 + 67-04 + 59-13 = 181-79 

SN (I) (2 D. F.) 

^ (180-71)2 + (183-02)2 + (181-79)2 
9 

= 11022-2254— 11021-9285 
= 0-2969 

Similarly, 

Ji = 62-88 + 64-66 + 69-13 = 176-67 

Jt = 62-61 + 67-04 + 66-10 = 184-75 

J 3 = 65-62 + 62-73 + 56-76 = 184-10 

8 N{J)(2 D. F.) 

^ (176-67)2 + (184-76)2 + (184-10)2 
9 


-C.F. 


-C.F. 


D. 8 . N. 


= 11026-4068— 11021-9286 
= 4-4783 (From Table IV) 


IF (2 D. F.) 

(187-64)2 + (180-21)2 + ( 177 - 67)2 


9 

= 11027-8936— 11021-9285 
= 6-9651 

X (2 D. F .) (Confounded with blocks) 

^ (184-30)2 + (185-82)2 + (176-40)2 

9 


— C.F. 


— C.F. 


Y (2 D. F.) 


= 11028-9651 - 11021-9286 

7-0406 

^ (183-97)2 + (189-27)2 + (172-28)= 


- C.F. 



11038-7213— 11021-9285 


11028-7658— 11021-9286 
6-8373 
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PART II 

Analysis o! 3* design (81 plots in one complete repUcation ; Two such replications) 

As no experimental data are still available in India to illustrate the 
analysis of a ‘ confounded 3* design,’ a set of uniforinity trial data on sugar- 
cane has been taken to explain the procedure. (For the data please see Ind. 
J. Agrric. /Sci. 6 part 3, 1936). 

In this case, we have taken two complete rephcations. ihe degrees of 
freedom confounded are : — 

8D.F. 

ABC (lf)l . 

ABD (F) >-Confoimded in the first replication. 

AOD (Z) 

BOB (X) J 

8D.P. 

ABC (X) 1 

ABB (Z) 1 

AGB (IF) )-Confounded in the second replication. 

BOB (F) J 

(IF, Z, F, A, have been explained in the first part). 

It will be noted that there are nine sub-blocks of nine plots each in each 
complete replication thus confounding the 8 D. F. 

Toted ‘ sum of squares ’ 

(1) Table la gives the yields of each plot (162 plots). (For convenience of 
numerical work deviations from 300* 0 have been used). 

The sum of squares due to 161 degrees of freedom is calculated from the 
162 plot yields in the usual way, {i.e. the actual sum of squares of all the plot 
yields minus T^jn where T is the grand total and n the number of plot.s). 
Similarly the sum of squares due to the 18 blocks can be calculated. 

Sum of squares dtie to 81 treatments 

(2) Table Ila gives the yields of the 81 treatment combinations (3 x 3 x 
3 X 3), tabulated in the standard order as in the case of a 3'* design. Sum of 
squares due to 80 degrees of freedom may be calculated from this tabic, and in 
the present case as some interactions are confounded with the blocks, and 
hence it will be useful only for checking, not necc.ssary for the final analy.sis 
of variance. The correction factor is the same as in (1) above, viz. (grand 
total)^/162). Each figure in this table being the total of tw*o plot yields (two 
being the number of replications), the sum of the squares of those 81 totals 
shoidd be divided by two before applying the correction factor. 

Main effects and two-factor interactions 

(3) Table Ilia gives the six two-w'ay tables po.ssibIe for all the six pairs 
of the four factors. Each figure in these tables is the total of 18 plot yields, 
the marginal totals being the sum of 64 plot yields. The sum of squares due 
to main effects A, B, C and D are calculated from the appropriate marginal 
totals (the divisor being 64, with the usual correction factor). 

Sum of squares due to six two-factor interactions AB, BO . , . etc., are 
calculated by forming the diagonal totals i’s and J’s as shown in the table. 
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Three-factor interactions 

(4) Table IVa gives the four three-factor tables for calculating the three- 

factor interactions ^£<7, and ^ 

^ As in the case of two-way tables the grand totals of each of these tables is 
the ^same ^as the grand total of all the 162 plots ; each figure representing 
the total of SIX plots. ® 

From each of the three-factor tables, the corresponding W, X, Y and 
i? (2 D. F. each)_totals are calculated as explained in Part I, and the 
sum of squares ignoring confounding may be calculated from these in the 
usual way, and can be used for checking the calculations as to whether the 
separate sums of squares all add up to the 80 degrees of freedom for treatments 
as shown above. 

Block totals 

Table Va : This table is intended to obtain the three-factor interactions 
after the elimination of effects, confounded with the blocks. The nine block 
totals of each of the replications are numbered as shown in the plan and then 
written down in the standard order, viz. 

1 4 7 

2 5 8 

3 6 9 

The marginal totals and also I and T totals of the above arrangement are then 
calculated for each complete replication. 

Table Via shows the procedure adopted to correct the W, X, T and Z 
totals of the three-factor interactions, in order to get W, X', Y’, Z' from which 
the unconfounded part of the sums of squares are calculated, e.g., for ABO ; 
W of ABO (2 D. F.) is confounded in block I. Hence subtract the 
J totals of block I (a) (Table Va) from W to get W'. The general rule is 
that the confounded parts are given by : — 

Column totals (Table Va). 

AOD—Row totals ,, 

ABD—I totals ,, 

ABO — J totals ,, 

(See Table VI a). 

The sum of squares due to the unconfoimded portions of the three-factor 
interactions are to be calculated from these totals remembering that the num- 
ber of plots is different according as to whether the particular W, X, Y or Z 
is the full value or after allowing for confounding. 

These processes are exactly similar to the case of the design, the opera- 
tions being merely repeated for the four three-factor interactions given in 
Table IV-a. 

Oalculation of the sum of squares due to 16 degrees of freedom for the four - 

factor interactions 

(8) Table VII -a ; From Table II -a and Jf’s and el’s of (a b) corresponding 
to O’s and D’s taken in succession are entered in Table Vll-a. From these 
W, X, Y, Z of (abc) corresponding to do, d^, d^ are then calculated. These 
may be designated as Fa, Xs, Ys. and Z^ for do, and d^. 



■ (9) Table IX-a.— The I and J totals of Table Vlll-a lor and 

give the totals for calculating the sum of squares (8 pairs of 2 D. .f.each) 
due to 16 degrees of freedom of the ABOD interaction. ^ 

Full analysis of variance table is given in Table 

SXTMMABY 

1. The data of a 3^ design used for a (cultural experiment on sugarcjane at 
Shahjahanpur, during 1938-39) where some of the three-factor interactions are 
confounded in a single replication are used to illustrate the analysis in sxudi 
cases. , 

2. Similarly for illustrating the procedure for analyBing a confounded 
3^ design, as no data are so far available in India a set of uniforniity trial data 
has been taken. The necessary statistical calculations have been given, and 
particular attention has been devoted to the computation of confounded and 
partially confounded three-factor interactions and uiiconfounded four-factor 
interactions. 

3. The principles and notation employed in splitting the highest order in- 
teraction in a 3^^ design have been explained in a logical way, in the Appendix. 
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'■ ;.ApeENi)ix 

Explanation of notations I, J, W, X, Y, Z, etc. 

If / and J denote the symbolic operators for forming the three diagonal 
totals in the standard way, from a 3 x 3 table written in the standard fm-in, 
it is useful to see how the repeated operation of these symbols enables us to 
split the degrees of freedom of the highest order intcraetion in the case of a 
3^ design. ■, 

Let (a6) denote the 3 x 3 table of * a ’ and ' 6 b 

,■ bn ■ 


Then AB (I) or in the notation we slmll adopt I (ab) will stand for the dia 
gonal totals Jg, of (ab ) : — 

Ij « 1 4. 5 q. 9 
Ijs « 2 -f 6 + 7 
J# « 3 + 4 + S 
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Similarly J (ab) stands for:— 

Jj = 1 + 6 + 8 

^ ^ ^ ^ 

= 3 + 6 + 7 

are giren by '1-°^" '' *’’* ‘”“■<‘“‘<1 interaelione 

■7(a6) = 2D. F. 

J (ab) = 2D. F. 

{%%) 2x3x5 design : Eight degrees of freedom of the three-factor inter- 
actions are given by : — inter- 


i (oh), c| 

= TF (abe)* = 2 D. F. 

J (ab), c| 

= X(abe) = 2D. F. 

I (ah), c| 

= F (abe) = 2 D. F. 

J (ab), c\ 

= Z (abe) = 2 D. F. 

(Hi) 3 X 3 X 3 X 3 design : Sixteen degrees 

factor interactions are given by 

l[w(cAc),d^ 

= 0 (abed) = 2 D. F. 

J \^W{abo),d^ 

= P (abed) •= 2 D. P. 

I 1 X (abc), d 1 

= Q (cdxa) = 2 D. F. 

J ^ X (a6c), d 1 

= B (abed) = 2 D. F. 

I [r{«6c),d| 

= N (abed) = 2 D. P. 

J 1 F (abe), d | 

= T (abed) = 2 D. P. 

/ (abe), 

= U (abed) = 2 D. P. 

J |^X{a6c), d| 

= V (abed) = 2 D. F. 

* ABa 1 W i i« ¥ a iey’ ■ ftofcatiou. 
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Table Il-a 

Yields of SI treatment combinations 




Cq 



do-— 

^1 






6o 

h 

62 

60 

bx 

62 

&0 

*1 

b. 

Uq 

96 

172 

37 

37 

35 

85 

101 

97 

107 

, 

109 

63 

97 

57 

61 

233 

17 

22 

51 

ag 

33 

90, 

124 

87 

61 

108 

56 

51 

45 



C0 



iij 



C2 



6o 

h 

6. 

bo 

6a 



bi 

^2 

ao 

71 

13 

107 

103 

89 

23 

80 

86 

97 

% 

67 

52 

121 

—5 

131 

22 

119 

48 

170 

C?2 

84 

89 

99 

—•54 

110 

64 

96 

82 

114 






ii/g “ — — 

Cl 



Ca 



6o 


h 

bo 

61 

"V 

bo 

bx 


% 

107 

60 

68 

112 

126 

110 

24 

167 

'57' 

aj 

84 

30 

34 

58 

76 

101 

89 

140 

37 

^2 

lie 

45 

144 

45 

10 

74 

— 43 

113 

57 





Table Ill-a 









bo 

61 







0-0 


731 

845 


691 





aj 


695 

623 


866 





«2 


420 

651 


829 




767 

614 

831 

440 

699 

820 

539 

806 

735 
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Main effects 

(2D. F) = 1247-1; 

{2D. P) = 3827-2': 

(2D. P) = 593-0.5 

(2D. F) =77-57 

Two-factor Interaction. 


731 4- 623 + 829 
696 + 651 4- 691 
420 846 *1- 866 

731 -I- 661 f 866 
696 4- 846 -f 829 
420 4 623 -F 691 


For AB (4 D.F) 

(8.S => S.S. due to / 
26267240 


4022'95 




^^2 

m 

669 

831 ' 

710 

725 

om : 

655 

684 

56 ! 

j 


821 

■ 703 

688 1 

1 

764 

' 483 

712 .[ 

547 

' 892 

641 ■ ! 


: 

, 

731 

720 

, 818 ■ .| 

657 

. 734 ■ , 

'-',,693 1 

■ f 

824 

-- — . — 

606 

671 I' 
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A - 767 I- 699 -I 736 

li = 440 + 806 4 831 

h = 639 4- 614 4- 820 

Ji = 767 4- 806 4- 820 

Ji = 440 4- 614 -f 736 

Ji = 689 4- 699 4- 831 

For BC (4 D.F.) as before 
_ 26258,90 _ 

64 

= 3866-47 - 


A = 693 4- 700 4- 682 

A = 661 4- 767 4- 887 

A = 692 4- 662 4- 817 

A = 693 4- 767 4- 817 

A = 661 4- 662 4- 682 

A = 692 4- 700 4- 887 


For BD (4 D.F.) 

_ 26132966 
64 

== 1636-39 


2C. F. 


A = 767 4- 726 4- 661 = 

A = 710 4- 684 4- 831 = 

A == 656 4- 669 4- 649 = 

A = 767 4- 684 -1- 649 = 

A = 710 4- 669 4- 661 = 

A = 656 4- 726 4- 831 = 

for AD (4 D. F.) as before 

26120284 „ „ „ 


64 

= 1301-64 


2C. F. 


A = 821 4- 483 4- 641 = 

A = 764 4- 892 4- 688 = 

A = 647 4- 703 4- 712 = 

A = 821 4- 892 4- 712 = 

A = 764 4- 703 4- 641 = 

A = 547 4- 483 4- 688 = 

For CD (4 D.F.1 as before 
26402618 

= 6629-96 


fj — 731 -[- 734 A 571 “ 

A = 667 A 605 A 816 = 

A = 824 A 720 A 093 = 

Ji = 731 A 606 4- 693 = 

•^a = 657 A 720 A 671 = 

A = 824 A 734 A 816 = 

For AC (4 D. F.) as before 
26213670 

“ "““64- 2C.F. 

= 3029*06 
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Table I Va — contd, 
Three-fuctor mteractions 
■ ABC 
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Table V-a 
Block I 


■■ 312 

425 

334 

' 1071 

496 

425 

434 

1355 

500 . 

617 

395 

1512 

1.308 

1467 

■ 1163 



/i = 312 + 425 H- 395 
I, 


1132 

496 + 617 + 334 - 1447 
500 + 425 + 434 - 1359 


- 312 i- 617 + 434 - 1363 

- 496 -L 425 -h 395 - 1316 
= 500 4- 425 + 334 == 1269 

Block II 


242 -f 394 -- 41 == 696 
—30 +.471 ■+ 264 695 

348 + 382 -f 293 1023 


Table Vl-a 


ABO 


2012 

1363 

649 

9202 

« 

1607 

1936 

2106 

= 6826C-I8 


W'i 


203782 — 
241816-20 
242261-68 


242 

471 

■ 293 ' 

1006 

»~-30' 

382 

4 i 

311 

348 

394 

. ' 254 

996 

560 

1247 

506 



242 4- 382 + 264 = 878 
-30 4- 394 + 293 = 687 
348 4-471 — 41 = 778 


2011 2228 

1316 J 269 J’h totals of Tahl,- V/i Hl.wk 

' 696 969 

2179 1870 

696 1023 J'h totals of Table- Va HIiM-.k- - Tl 

1484 147 

2146 2170 

2241 1906 

- 66049 -= 2217 -18 
191464-86 - 12327-10 

— 241208-71 « 611-49 
-241203-71 - 1067-97 



11 ] 

ABD 


FIELD BXPBBIMENTS IN AGBICULTURE 


233 



(3") 

2062 

1931 

2258 

Y' 

1132 
■ “"930 

1447 

484 

1359 J’s totals of Tabic V Bl— T 
"'899 

m 

2260 

2211 

' 1780 

7/ 

87S 

657 

■ ■ : 778 J’s totals of Table V Bl— IT' 


“1382 

1554 

' '1002 . 

m 

1989 

2005 ■ 

2257 

(Z) 

1918 

2019 

■ 2314 

(F) 

70642-86- 

- 66049 = 4593 

•85 

(Z) 

197364-69 

191464*86 = 

5909*73 

(W) 

242040-66 

— 241203*71 -= 

836-94 


242771-87 

— 241203-71 - 

1568-16 

X 

1676 

2739 

1837 

X' 

1308 

367 

1467 
■ 1272 

1163 Column’s total of Table V, 

. 674 Block I 

r 

1941 

2673 

1637 

Y' 

560 

1247 

606 Colnimi’s total of Table V, 

1381 

1426 

, rm ,, Block II , , 

m 

2037 

2182 

. 2032 

(Z) 

; ' 2287 . ' 

1784 

2180 

(X) 

81738 -86- 

- 66049 =16689-85 

(F) 

193325-85 

— 191464*86 = 

1870-99 

(F) 

241472*64 

— 241203*71 = 

268-83 

iZ) 

243804*17 

— 241203*71 - 

2600-46 

7 

1967 . 

2014 

2280 

(zy 

1071 

886 

1355 

659 

1612 Row’s totals of Table V, Block I 

■■ 768 . 

w 

2360 

2251 

1650 

(wy 

1006 

1344 

311 

1940 

?? Block IT. 

654 

(X) 

2167 

2380 

1714 

(F) 

2186 

1891 

2174 

(Z) 

67003-74- 

- 66049 = 964-74 

(W) 

222136-26 

— 191454*86 = 

30680-40 

(X) 

246460-09 

— 241203 *71 = 

4256*38 

(F) 

242236-17 

— 241203*71 = 

1032-46 


Table Vll-a 
^0 




^0 

■■ 

Cjj 


283 . 

206 

168 

4 

236 

203 

175 


302 

355 

204 

Jl 

. ■ 283 ' ■ 

331 

203 

Jz 

405 

200 

159 

Jz 

133 

233 

185 

(F) 

690 

759 

6831 

(X) 

813 

646 

673 1 

(F) 

668 

841 

'.. 623 I 

(Z) 

675,,,; ■■ 

■ :92i 

; ' 536J 
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From Wd 

ij = 690 + 662 + 731 = 1983 

/a = 759 + 814 + 620 == 2193 

li = 683 + 702 + 690 = 2076 

Jj = 690 + 814 + 690 = 2194 

= 769 + 702 + 731 = 2192 
J 3 = 683 + 662 + 620 = 1865 
484146 -07 — 482407 -42 = 1738-65 (4 D. F.) 


From Xd 

ij = 813 + 913 + 609 = 2335 

is = 646 + 688 + 812 = 2046 

is = 673 + 577 + 620 = 1870 

cTj = 813 + 688 + 620 = 2021 

J 3 = 646 + 577 + 609 = 1832 

J 3 = 673 + 913 + 812 = 2398 

487624-26 — 482407-42 = 5118-84 


From Yd 

ii = 668 + 611 + 760 = 2029 

is = 841 + 797 + 698 = 2236 

is = 623 + 670 + 693 = 1986 

= 668 + 797 + 693 = 2168 
J 2 = 841 + 670 + 760 = 2261 

J 3 = 623 + 611 + 698 = 1832 

484926-70 — 482407-42 = 2519-28 


From Zd 

= 675 + 666 + 646 = 1976 
is = 921 + 723 + 730 = 2374 

is = 636 + 700 + 666 = 1901 

= 676 + 723 + 666 = 2063 
Js = 921 + 700 + 646 = 2267 

J 3 = 536 + 666 + 730 = 1921 

486921-33 — 482407-42 = 3613-91 
Totalfor 16D. F. = 3513-91 + 2619-28 + 6118-84 a 1738-65 
= 12890-68 
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Table X-a ' 

Analysis of variance 


ABD { W) 
ABD (X) 

ABD (FO 
ABD (Z') 

AOD (in 
AOD {Z'} 

AOD (X) 
AOD {¥) 

BOD (X'] 
BOD (¥') 

BCD (W) 
BOD {Z) 


IJncoiifoiindeil 


Part ially ccmfoiind'ecl , 


:i0f»S0*4O ^ 

0.41 * 74 i eotiforincifcd. 




IJiiconfoiinrlecI 


Partially {jonfoiiiidetl 


Uiicorifoiuiclwl 


ABC(W) D 
ABC (X) D 
ABC { ¥}D 
ABC (Z) D 


Four-factor interac 
tious 


1 738 d'ifi 
5il8-S4 
2310-28 
35!3*01 


Blocks 


Bemainder 


IF', X', etc*, Imv6 been computed from the block wlitfre limy are not ooiifo«i’ide<i (for 

method of calcnJatioii see Table ¥1). 




Degi‘eas' 

Hums 


Due to 


of' 

. of 

Mean square 



freedom 

stjuares 


Total 


161 

213707-2!) 


Main effects 

A 

2- 

1247-12 



B 

2 

3827-27 



G 

2 

503-03 



D 

2' 

77 -57 


Two-factor interac- 

AB 

4 

4022-95 


tions 

AO 

4 ■ 

r 3029-06 



AD 

4 

: 1301-54 



BC 

4 

i 3866-47 



BD 

'4' 

J 536 -39 1 



CD 

: ,4 . 

6529 '05 ; 


Three-factor interac- 
tions : 

ABG{W') , 
ABGiX') 

' ' 2 " i 

2 i 

2217-18 

12327-11 

1 Partially csoiifcmnded# 


ABC {¥) 1 
ABC (Z) I 

2 

2 

611-40 ' 
1037-07 , 

1 Uiieoiifoiinflcci 
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NOTES 

NOTICE No. 4 OF 1939 

■^HB following plant quarantine regulations and import restrictions liave 
^ been received in the Imperial Council of Agricultural Research. Those 
interested are advised to apply to the Secretary, Imperial Council of Agricul- 
tural Research, New ’Delhi, for loan. 

I. List of U. S. Defabtment of Agbictjltube, Bubeau of Entomology 
AND Plant Quaeantine, sbevice and begulatoby Announcements 

1. Quarantine and other official announcements 

(i) Japanese Beetle Qvxirantine {No. 48). — Modification of regulations, 
(n) Pink Bollworm Quarantine {No. 52). — ^Modifications of regulations:- 
{a) to add okra to the list of articles interstate movement of which 
is restricted from regulated areais. 

(6) to further extend the regulated areas. 

2. Summaries of plant quarantine import restrictions 

{i) British Colony of Bermuda. — ^Revision of the digest. 

{ii) Republic of Colombia. — Authorised ports of entry. 

(m) Republic of Argentina. — ^Plants and parts of plants of Rosaceae. 
{iv) Colony and Protectorate of Kenya. — Importation of soil prohibited — 
Bruits to be certified — Addition to restricted areas. 

(t;) Mexico. — Extension Quarantine No. 12 amended — ^Alfalfa ’Weevil. 
{vi) Cuba . — ^Importation of cotton seed into Isle of Pines prohibited. 

II. Othbe announcements 

Jatrmica {B. W. I .). — Government Notice No. 116 — Restriction of im- 
portation of seed potatoes. 

Kenya . — -Government Notice No. 468— Addition to the list of restricted 
seeds — ^Potatoes. 

Malta . — Government Notice No. 461— Colorado Beetle — Import restric- 
tions regarding plants etc. 


THE 28th INDIAN SCIENCE CONGRESS, BENARES 
JANUARY, 1941 

Discussions in the Ageicultubal Section 

'The Agricultural Sectional Committee proposes to hold Discussions on the 
1 following subjects during the next Session of the Indian Science Congress 
to be iield at Benares early in January 1941. Scientific workers in India 
who desire to contribute papers to the above discussions are requested to 
communicate with the undersigned. The Rules of the Indian Science Congress 
Association require that authors of such contributions should he members of 
the Association of some category. 
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Discussions 

1. Drought resistance in plants. 

2. The need for the exploration of wild forms for the improvciiuml of 


3. Quality in crops. 

10 February 1940 
Indian Institute of Science, 
Hebbal P. 0., Bangalore. 


(I. N. AcirABYA, 
Recorder, 

Agricultural SrcHou. 


THE MAYNARD GANGA RAM PEIZE 

A pplications are invited for the award of the Maymir<i Caiiga Kam 
Prize of Rs. 2,000 for the two years ending 3Jst Deeemijer 1 040, for a dis- 
covery or an invention or a new practical metluxi whieii will lend to increase 
agricultural production in the Punjab on a iiaying basis, {'oinpetilion for 
the prize is restricted to non-officials only, iiTe.s])eetive of caste, (awd or iiat ioii- 
ahty. Government servants are not eligible on ibis occasion. Ks-says and 
theses are not accepted. The prize will be awarded ibr sotnelhing praeticaily 
achieved as a result of work done after the prize was foiinfled in Hrjrj. Coiii- 
petitors in their appheations must give a eliuir account of the history of their 
invention or discovery and must produce clear evidence that it is the result 
of their own work. In the case of an improved crop details of parentage, 
evolution and history and a botanical destription are netiessarv. 

The Managing Committee reserves to ilsell' the rigid of withholding or 
postponing the prize if no satisfactory atihievemeid is i-(‘p<irted to it . 

Entries should reach the Director of Agriculture, Punjiib, J.a'hore, not 
later than 31st December 1940. 


WOODHOUSE MEMORIAL PRIZE 

TNmemoryofMr. E.J. Woodhotise, late Economic Botanist and Principal 
*oi Sabour Agricultural College, who was killed in action in France in H)I7. 

pM© in th© form of a silver medal and books of a ooiiibitied viiliie 
ofRs. 100 willbe awarded to the writer of the bent essay oiui mi bjeH to be 

selected from the list noted below. 1'he length of the oHsav should not 
exceed 4,000 words. 

The competition is open to graduates of Indian ITuiversities and to 
eploma holders and Lieentiatw of recognized Agricultural (lollegcw in India 
who are not more than 30 years of age on the date of submission of their 
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Papers should be forwarded to the Director of Agriculture, Bihar, Patna 
before the 30th June 1940. ’ 

Failing papers of sufficient merit, no award will be made. Essays must 
be typewritten on one side of paper only. 

Subjects foe essay 

1. The importance of physiological studies m modern plant breeding. 

2. Dominant species as an index of soil texture. 

3. Modern methods of inducing mutations and polyploidy and their value 
for Indian agriculture. 

4. Problems of wheat improvement in India. 


















REVIEWS 

Biological Abstract 

M en engaged in research in, medicine, piihlic licalth, c<!ol(jgy, agiiciiiture, 

forestry, botany or zoology, gcograpJiy, and other fields, will wchnniic 
the announcement that Biological Abstracts is undertaking a nioK* conptlcte 
abstracting and segregation of the current research literature in inocliinatoiogy 
and biometeorology. The section BioclMoloijy-BlomcImrohgy will aitjacu- 
within the section jSiColog'y in Abstmete, and will be nndei the (*(Ii- 

torship of Mr. Robert G. Stone of the Blue Hill Observatory, Harvard 

University. , . , • 

The increasing interest in climatic and meteorological factors in then- 
relation to biology, medicine, and agriculture is one of the significant trciwls 
of modem science. Ecologists have long a]’)])reciafed the inijiortancc of 
temperature, humidity, radiation, barometric pressure, wind movenu-nt, and 
meteorological factors generally, as important factors in controlling the distri- 
bution and abundance of animals and plants. Foresters, horth-ulfurisfs, ami 
entomologists have likewise been concerned with the interrehifuniships of 
climatic and meteorological factors to the organisms vith which they work. 
The developments of air conditioning and aviation liave lately hronglit otlu-r 
important research groups into the field resulting in an incrciLsing amount of 
research. This is often the work of individuals and groups not now in eflVetive 
contact with biologists, and frequently appears in periodkials lud commonly 
consulted by biologists. 

In all civilized nations diverse research groups have sprung^ into being 
which, though they often devote much attention to the same fundamental 
natural forces, still work in practical isolation from f-ach of her, with a difierenfc 
background of training, and associations, belonging fti dilfes-eut stjciof ies meef - 
ing at different times and places, publishing in different Joui-nals, rea<ling 
different literature, investigating different types of things. These groups, 
however, are beginning to apply common ideas and common mellMwis to the 
study of situations that are basically similar. For example, te<-hni(iut‘s and 
concepts derived from a study of the influence of weather factors on tlu* H]»read 
of influenza or the common cold are likely to have a very high Iransffu- value 
as applied to the study of the spread or survival of plant flisease or (-couomic 
insects. Conversely, it should be possible for rcHear<rh workers in the field 
of public health to make use of many findmgs of the eutomologisis, foresf«‘rs, 
ecologists, plant pathologists, and other biological grou](K. 

The abstracting journals of broad scope, lilse Biological Ahstrads, a!-e ad- 
mirably suited to the sort of synthesis of fundamental knowledge tliat this 
situation demands. In augurating this service Biological Absirads will be 
fulfilling one of the functions for which it was originally intended : that of 
providing an effective tool for research workers by coordinatutg the litt;raf nre 
of border-line fields. 

Under the sectional publication plan this material will be found, at ]^w^- 
sent, not only in Section A, Abstracts of general biology, but also under 
Section B, Abstracts of experimental animal biology, Section D, Abstracts of 
plant sciences, and Section E, Abstracts of animal sciences. 
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In the case o£ articles containing plates, the cost of the plates will bo esctra at the following rates— 

Black-and* white plates ; 6 annas S pies per plate for the first 25 copies and 4 annas 6 pies for every additional 25 copies or part 
thereof. 

Colour plates x Ke. 1-2-6 per plate for the first 26 copies and lO annas 6 pies for every additional 25 copies or part thereof. 






ORIGINAL ARTICLES 

THE GENUS Fr/)S.4i2if7M 

III. A CRITICAL STUDY OF THE FUNGUS CAUSING WILT OF 
GRAM {OlOEE ARIBTINVM L.) AND OF THE RELATED SPECIES 
IN THE SUB-SECTION ORTHOCERA, WITH SPECIAL 
RELATION TO THE VARIABILITY OF KEY 
CHARACTERISTICS. 

G. WATTS PADWICK 

Imperial Mycologist, Imperial Agricultural Research Institute, New Delhi 
(Received for publication on 21 November 1939) 

Inteobtjotion 

IN the second contribution of this series, Prasad and Padwick [1939] des- 
Icribed briefly the fungus causing gram wilt, and gave reasons for placing 
it in the sub-section Orthocera of the main section Elegans in the genus 
Fusarium. They pointed out that it was impossible to make any more definite 
statement without carefully comparing the fungus with all known species 
of the sub-section and without a thorough understanding of the range of varia- 
bility of the isolates. The necessary study has now been made and the many 
facts established are held to throw considerable light not only on this parti- 
cular fungus but also on the whole sub-section to which it belongs. The 
section Elegans is of great importance from plant pathological considerations. 
It has^ perhaps eight representatives so far known in India some, if not all 
of which cause havoc amongst cultivated crops. A thorough understanding 
of the range of variability of these fungi is necessary if we are to place identi- 
fications, and therefore breeding for disease resistance, on a sure footing. 
It is for this reason that the sub-section Orthocera has been subjected to such 
an elaborate study. 

The sub-section Orthocera has, according to the classification of WoUen- 
weber and Reinking [ 1935 ], dive species, and with varieties and forms the 
total number of representatives is twelve. Eleven of these were secured for 
this work from the Centraalbureau voor Schimmelcultures, Baarn, Holland, 
the remaining representative being Fusarium conglutinans var. citrinum 
Wr. {=Fusarmm citrinum Wr.) which was not obtainable at Baarn and which 
WoUenweber no longer has in his collection. These, together with the gram 
tdlt fungi and a species isolated from a wilting linseed plant (Linum usitatis- 
simum L.) from Kamal, Punjab, were the fungi studied. The complete 
list of fungi is therefore as follows : — 

F. ftosirycoides Wr. and Rkg. (Baarn) 

F. conglutinans Wr. (Baarn) 

F. conglutinans Wr. var. betae Stewart (Baarn) 

F. conglutinans Wr. var. callistephi Beach (Baarn) 

F. orthoceras App. and Wr. (Baarn) 

F. orthoceras App. and Wr. var. apii (Nelson and Cochran) Wr. and 
(=F. apii Nelson and Sherbakoff) (Baarn) 
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F. ortteerM App. and Wr. vai. ‘ 

var. pallidum Nelson and Sherbakoff) Baam 
F. ortJmera^ App. and Wr. Yat. pm Lmford f 
F. orthoceras App. and Wr. var. lougms (feherb.) Wr. (Baain) 

F, angustum Sherb. (Baam) 

T l« Kan.»l, Punjab) 

pirn ap.i« ^Uidng f'x'S"*'"* 

‘ Type 2 ’ by Prasad and Padwick) 
tamm sFcies cansing gram wij (here designated hy2, but called 
‘Type 7’ by Prasad and Padwick) ^ 

FvMrium speoiea causing gram wlK (here designated b J,i. but called 
‘ Type 8 ’ by Prasad and Padwick) 

The key to the ideitity of Ofthoma Fusaria given by VVoUcnwober 
and MnkSg omto F Iml The characters necessary lor distinguishing 

these fungi are as follows : — - . 

fll Presence or absence of pionnotes. . , 

(2) Type of oonidiophores (with bostrychoid branching or simple o 

branched in whorls). „ , i i i 

(3) Colour of stroma (pale, brownish white to flesh -eoloured or red, 

violet, reddish brown or rust-red). 

(4) Type of plectenchyma — erumpent or smooth. 

(5) Sizes of conidia. 

Tlaese^haraetere have been studied with the exception of the tyiie of 
oonidiophores (no sign of bostrychoid brandling was found) and pathogenicity , 
a character which had to be taken for granted. Four expenmeats were con- 
ducted . effgcj; of different plant extract media, commonly UHcd in the 

identification of species of Fusanum, on the key chaiactero. 

(2) The effect of temperature on the key oharacterH. 

(3) A study of pigment production by Wusatium orfhoffTOS vai. upH 

f. 1- 

(4) The influence of asparagine on the key characters. 

The bffeot of diffbebot flant extract media, commonly used in 

THE IDENTIFICATION OF SPECIES OF FVSARIVM, ON THE KEY CHARACTERS 
The media used in this experiment were the following : — 

Two per cent Potato Dextrose Agar. 

Five per cent Potato Dextrose Agar. 

Potato cylinders. 

Steamed rice. 

The media were prepared in the precise manner indicated by Wolien- 
weber, Sherbakoff, Reinking, Johann and Bailey [ 1926 ], except that rice 
had to he steamed more than three times as proposed by these workers, in 
order to ensure complete sterilization under Indian conditions. 

Cultures of the fungi were prepared on oatmeal agar for use in inoculating 
the agar slants of different m^a. When sufficiently grown, tmnsfetB were 
made of smaff portions of agar and mycelium to the four media, duplicate 
tubes being prepared. 
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It was intended to keep the tubes at a constant temperature of 20®n 
but since at the time the difference between day and night temperature in 
the laboratory was sometimes as much as 18°C and only an ice-box was avail- 
able tor the purpose, great accuracy was not possible. During the first few 
days the temperature of the tubes was regularly 20°C in the mornina but rose 
to 24 or 25 C for a brief period in the evening. After the first Veek the 
temperature remained steady at 19|° to 20|°0 for the next twenty days by 
which time observations were completed excepting a few notes of minor 
importance on colours of colonies and substrata. 


Colours of the aerial mycelium and the substrate (i.e. the agar surface) 
were noted on the ninth and twenty-first days after inoculation. They are 
recorded in Tables I to IV. On the forty-fourth day the colours of the rice 
substrate were again noted. No change had occurred since the twenty- 
first day. Sufficient quantity of two per cent KOH solution was then passed 
into the tubes to cover the agar slope. The following day the colours were 
again noted. They are recorded also in Table I. The colour nomenclature 
of Ridgway [ 1912 ] was used throughout this work. Notes on abundance 
of aerial mycelium, presence or absence of a ‘ stroma and type of conidia 
in the aerial mycelium, taken on the 22nd to 24th days after inoculation, are 
recorded in Tables V to VTII. Measurements of fifty microconidia of each 
culture on potato dextrose agar were made on the nineteenth and twentieth 
days. These measurements are given in Table IX. 


The following are the conclusions of main importance drawn from ex- 
periment 1 : — 

(1) Apart from (i) pale Russian blue aerial mycelium produced by F 

orthoceras var. pisi on two per cent potato dextrose agar, and 
(ii) certain very pale and indefinite colours such as, ivory yellow, 
sea-shell pink, salmon buff, etc., all the cultures produced white 
aerial mycelium and a white or pale colour on the surface of 
the substrate or plectenchyinatous stroma, or else produced 
a purple or closely related hue varying in tone and shade in 
both aerial mycelium and substrate, which always became plum 
purple or of a bluish violet hue on addition of KOH. The 
fungi thus faE in three groups 

(а) The blue pigmented fungus. F. orthoc&ras var. pisi. 

(б) The purplish pigmented group, including F. bostrycoides, F. 

orthoceras, F. orthoceras var. apii, F. orthoceras var. longuis, 
F. angmtum, F. Uni. 

(c) The non-pigmented group, including J". congMinans, F. con- 
glutinans var. 6etoe, F. conglutinans var. callistephi, F. ortho- 
ceras var. the gram wilt organisms. 

Thus whereas all varieties of F. conglMinans were non-pig- 
mented, the five forms oi F. orthoceras fell within three groups. 

(2) The pigments were produced best on rice. On five per cent potato 

dextrose agar only F. angustum and F. Uni produced a definite 
pigment, on two per cent potato dextrose agar only F. Uni 
produced it, and potato cylinders were qmte unsuitable for 
pigment production, 
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(3) The colours present on the twenty-first day were generally speak- 
LM ing only an intensification of those on the ninth day. 

(4) The fungi varied greatly in amount of aerial my<!eliuin produced. 

Potato cylinders and five per cent potato dextrose agar were 
generally speaking very unfavourable for its {iroduclion, f Imugh 
three cultures produced abundant inycolium rm tho former 
and two cultures which produced none on the former produced 
abundant aerial mycelium on the latter. Within the five 
varieties or forms of F. orthocRrofs and the three varieties <tf 
F. conglutinam there was no relationship at all as regards 
abundance of aerial mycelium. 

(5) A true ‘ stroma ’ was absent throughout, hut a pleetonehymatou.H 

mat of hyphen reminiscent of a stroma soniefime.s oecnrind. 
This was not produced on rice mush or potato cylinders. On 
two per cent potato dextrose agar it was ])rod need by the three 
varieties of P. conglutiTUins and the three gram wilt organi.sms, 
and on five per cent potato dextrose agar by the Ihi-ee varieties 
of F. conglutinans, the three gram wilt organisms, F. orlhwp.nis 
var. pisi and F. orthocerm var. Jongnis, 

(6) Steamed rice was not suitable for producing eonidia in the aerial 

mycelium. F. orthoceras var. piai prodiuasd eonidia in t he aerial 
mycelium only on two per cent potato dextrose agar, and thiui 
oidy a few spores. All the other <niltnres hehavetl more or less 
alike, and all the media except rice, were snit able for ]ir(tduefi(Ui 
of spores in the aerial mycelimn whenever the latter wJWi formed. 

(7) All the cultures were alike on all media in the following character- 

istics : — 

(i) M’oneproducedchlamydo 8 poreshythetwenty-Heeoiidt 0 iwent.y- 

fonrth days after inoculation. 

(ii) None produced sclerotia. 

(iii) None produced sporodoehia or pionnotfjs. 

(iv) The only eonidia produced were those in the aerial mycelium 

and they were continuous, ovoid to sfiindle-shaptal or slightly 
curved, rounded equally at both ends, and bonit! singly (not 
in false heads or chains). 

These facts have therefore not been recorded in the tables. 

As regards measurements of spores, there was a highly Bignificaiit tliffer- 
ence between the longest spored isolate F 93 (the gram wilt, fungus), and the 
shortest spored,F 86 {F. orthocerm var. opii /,!). The figures arc as fol- 
lows ; — 


Isolate 


Mmn length (fjt) 


Dil&wnoe S. E, of cMoipoimw 
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If we take the means of the authentic cultures only, we have F 85 as the 
shortest spored isolate, and F 84 as the longest spored, the figures being as 
foUows:— 


Isolate 

i 

Mean length (|Jt) 

i ^ 

1 . 

S. E. 

Difference 

S. B. of differenoe 

F:85 ' .. ■■■■ . 

F84" 

: 7.0 

10-7 

0-211 
0*46 / 

3*7|ji 

G-61ti 


This difference is again highly significant, and it will be noted that both 
F 84 and F 86 are forms of F. orthoceras var apii. It may be added that the 
gram wilt organism F 93 had significantly larger conidia than the other two 
gram mlt organisms, F 57 and F 92. 

Table I 


Colours of aerial mycelium and surface of substrate of rice cultures on the ninth 
and twenty -first days, and after adding potassium hydroxide on the forty- 
fourth day 


Culture 

Aerial mycelium 


Surface of Substrate 

9tli day 

21st day 

9th day 

21st day 

44th day 
(with EOH) 

F 70 F, hestfVf'M- 
de$ 

Wliite . 

White 

Vinaceous drab 
and Payne’s gray 

Vinaceous drab . 

Blue-violet black 

FBOF. cmgMi- 
mm 

White . 

White. . 

Seashell pink 

White and seashell 
pink 

WTiite 

F 81 J, comlidi- 

Whit® . 

White . 

Unchanged 

Unchanged 

Honey yellow 

mn$ var. beta& 






F 82 F. congluii- 

White . 

Wliite . 

Bo. 

Ivory yellow 

Isabella eolour 

nans var. ealli’ 
stephi 






F 88 F, orthoceras 

White . 

White and old 
rose 

Orange vinaceous 

Perilla purple . 

Bull bluish violet 

F 84 F, orthoceras 
var, apii 

AVhite . 

White and old 
rose 

Light perilla 

purple and light 
pinkish lilac 

Bark perilla purple 
and light perilla 
purple 

Bark dull bluish 
violet 

F 85 F, orthoceras 

Wliite . 

White. 

Salmon buff 

Salmon buff 

White 

var. apiif,l 






F 78 F. orthoceras 
var. pisi 

White . 

White . 

Unchanged 

Unchanged 

Beep mouse grey 

F 86 F, orthoceras 
var. longuis 

White . 

White, helle- 
hore red and 
argyle purple 
White, helle- 
bore red and 

Light perilla purple 
and light pinkish 
lilac 

Bark perilla purple ' 
to light pinkish 
lilac 

Plum purple 

F 87 F. angusium 

Wliite . 

1 

Light perilla purple 
and rhodonite 

Bark perilla purple 
: to bishop’s purple 

Plum purple 

F 74 F, Uni 

WTiite and 
purplish lilac 

argyle purple 
White and 
purplish lilac 

pink ' 

Light perilla purple 

Purplish lilac 

Plum purple 

F 20 F, lini 1 
(Karnal) 

White , ' . 

White and 
orange vina- 
oeous 

White . . 

Perilla purple and 
light pinkishlilac 

Bark perilla purple 

Plum purple 

F 57 Gram wilt 

White . 

Unchanged 

Unchanged 

Seafoam green 

organism 

F 02 Gram wilt 

Wliite . 

White . 

Unchanged 

Unchanged 

Cream buff 

organism 

F 03 Gram wilt 

Wliite . 

White . 

Unchanged 

Unchanged 

White 

organism 
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Table II 

Colour of aerial mycelium and surface of substrate of potato cylinder cultures 
on the ninth and twenty-first days 


Table III 

Colour of aerial mycelium and surface of substrate of two per cent potato dextrose 
agar cultures on the ninth and twenty-first days 

Aerial mycelum Surface of substrate 

Culture ^ ' — — — — — ^ 

9th day | 21st day 9th day ■ 2lBt day 

1? 79 F, hostrycoides . . White 

F 80 F, conglutimns . . White 

F 81 F, conglutinans var. betae 

F 82 F. conglutimns var. caU White 
listephi 

F 83 F. orthoceras , . White 

F 84 F. orthoceras var. apii . White 

F 85 F. orthoceras var. apiif.l White 
F 73 F. orthoceras var. pisi 
F 86 F. orthoceras var. longuis j 
F 87 F. angustum . 

F 74 F, Uni . 

F20F.Zm? (Kamal) . 

F 57 Gram wilt organism 
F 92 Gram wilt organism 
F 93 Gram v. ite organism 


White . , Pale olive buff 

White and glaucus White 
, blue 

Pale olive buff . | White . . Pale olive buff 

White . . Ivory yellow 

White . , White 

White and pale Ivory yellow 
salmon colour 
White . . White 

White and light White and pale White 
gull grey Bussiaii blue 

'■***«’5 • • White and shell White 

White and light White *and pur- White 
pinkish lilac plish lilac 

White and pur- WMte and pur- Purplish lilac 

plishhlac plish lilac 

White and light White and light White 
Pipple perilla purple 

^uff^ salmon white . . Ivory yellow 

White . . White . . White 

White . . White , . White 


: Ivorj’ yellow 

White and i>ale 
glaucuE blue 
i^ale olive buff 

Ivory yellow 

Ivory yellow 

Ivory yellow 

White 

Deep bluish gray 
green 
TOte 

White 

Ivory yellow and 
purplish Iliac 
Ivory yellow 

Ivory yellow 

Unchanged 

Unchanged 



Aerial mycethum 

Surface of substrate 

Culture 

- 

9th day 

21st day 

9th day 

' ■ 21st day 

F 79 F. bostrycoides 

White 

White 

Pale olive buff . 

Ivory yellow' : ■ 

F 80 F. conglviimns 

White . . 

White 

Ivory yellow 

Ivory yellow,' 

F 81 F. conglutinans var. betae 

White . . 

White 

Ivory yellow 

Ivory yellow 

F 82 F. congMimns var. cal- 

White 

White 

Ivory yellow 

Ivory yellow ■ 

F 83 F. orthoceras 

Lacking 

Lacking 

Ivory yellow 

Ivory yellow 

F 84 F. orthoceras var. apii , 

White and light 
pinkish lilac 

Lacking 

Ivory yellow 

Ivory yellow 

F 85 F. orthoceras var. apiif, 1 

Lacking 

Lacking 

Ivory yellow 

Ivory yellow 

F 73 F. orthoceras var. pisi . 

White 

White 

White 

Colourless 

F 86 F. orthoceras var. longuis 

Wliite and light 
pinkish lilac 

Lacking 

Ivory yellow 

Ivory yellow 

F 81 F. angustum . 

I White and agera- 
tum violet 

White and agera- 
tnm violet 

Ivory yellow 

Ivory yellow 

F 74 F. Uni . . . 

White with traces 

White 

Ivory yellow 

Ivory yellow and 

F 20 F. Zmi ? (Karnal) . 

of purplish black 
White and pur- 
plish lilac 

Wliite and pur- 
plish lilac 

Ivory yellow 

argyle purple 
Ivory yellow 

F 57 Gram wilt organism 

White 

■TOitc 

Unchnaged 

Ivory yellow 

F 92 Gram wilt organism 

! White 

White 

Unchanged 

Unchanged 

F 93 Gram wilt organism 

1 White 

White 

Ivory yellow 
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Table IV 

Colour of aerial myceUumaud surface of substrate of five percent potato dextrose 
ggffir cultures on the ninth and twenty -first days 

Culture 1 A ^tel mycelium 

9th day 21st day 9th day | 2l8tday~~ 

E79E.6os«»« . .IfSS ^ ; r'iSeoIirebuff 

^SO R.omaMimn, . . White . . White aud pale White . . white and ual. 

E81E.eewluitosvar.to Pale olive buff . ifhlte^"'’'"® . Pale olive buff . pS£^il^e'’buff 

• ■ '«^Mte . . Ivory yellow . Ivory yellow 

E SSE.eriheeem . . White . . White . . White . . ivory yellow 

l’84E.ei«eeemvar.«pn . White . . white and pale Ivory yeUow . Ivory yellow 

E85E.erttora»var.api</.l White . . w|jte“ . White . . white 

E73E.eriAeeefa*var.pfoi . White . . White . . white . ! white 

E86E.ortAoecr<Mvar.Zew«i« White . . White . . white . ! White 

E87E.ow«sto. . . White and light White and pur- White ’ White 

P74EZiMi Plish lilac ' 

. . . Wtoe and pur- W^Mte and pur- Purplish lilac . Ivory yeUow and 

F 20 E. li«i ? (Earnal) . . light perilla \^te,UgM periUa White 1?^^™^“®® 

purple and Vina- purple and vto ' • , wry yellow 

E 67 Gram Wilt organism . Whitl®“ . lSnf“‘'. . Ivory yellow .Nvory yellow 

E .92 Gram wilt organism . White . . White . . White . . j Unchanged 

E^ Gram wilt organism . j White . . White . . White . . j White 

. Table V ^ ^ ~ ~~ ~ ^ ~ 

Aenal mycehum, ‘ stroma ’ and conidia in aerial mycelium, on rice on the twentu- 
second to twenty-fourth days ^ 

‘ Stroma ’ Conidia in aerial mycelium 


Culture 


F ’79 F, hostrycoides 
F 80 F, conglutinans 
F 81 F> conglutinans var. deifae 
F 82 F, conglutinans var. callis 
tephi. 

F 83 F. orthoceras 
F 84 F, orthoceras var. apii . 

F 85 F, orthoceras var. apii f A 
F 73 Fe orthoceras var. pisi . 
F 86 F. orthoceras var. longuis 
F 87 F. angmtum 
FriFAini . ' , ■ , ■ . 

F 20 F. Uni I (Kama!) 

F 57 Gram *wiit organism 

F 92, Gram wilt organism 
F 93 Gram wilt organism 


Aerial 

mycelium 

‘ Stroma ’ 

Moderate . 

Absent 

Moderate . 

Absent 

Moderat^^ 

Absent 

Scanty 

Absent 

Scanty 

Absent 

Moderate . 

Absent 

Scanty 

Absent 

Moderate . 

Absent 

Moderate . 

Absent 

Moderate . 

Absent 

Moderate . i 

Absent . 

Moderate . 

Absent 

Scanty 

Absent 

Moderate . 

Absent 

Scanty 

Absent 


Vacuolated, very abundant 

Hyaline, few 

Absent 

Vacuolated, very abundant 

Vacuolated, few 
Vacuolated, moderately 
abundant 
Absent 
Absent 

Highly vacuolated, few 
Highly vaouolated, rare 
Highly vacuolated, moder* 
ately abundant 
Vacuolated, abundant 
Sometimes constricted at 
middle, vacuolated, mo- 
derately abundant 
Hyaline, few 

Various distorted shapes, 
with swellings and sharp 
bends, hyaline, modorate- 
ly abund^t. 


- 


1 
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Table VI 

Aerial mycelium, ‘ stroma and conidia in aerial mycelium, on potato cylinders 
on the twenty -second to twenty-fourth days 


Cultiire 

Aerial 

mycelium 

* Stroma ’ 

Conidia in aeriai mycelium. 

F 79 F. hoatrycoidea 

Scanty 

Absent 

Vacuolated, very .abundant 

F 80 F* conglutinana . 

Moderate . 

Absent 

Higliiy vacuolated, abun- 
dant 

F 81 F* conglutinans var. betae 

Abundant 

Absent 

Hyaline, moderately abun- 
dant 

F 82 F. conyhitinans var. calli- 
stepM. 

Absent 

Absent 

Vacuolated, very abundant 

F SZ F. orthoceras . 

Absent 

Absent 

Highly vacuolated, abun- 
dant 

F 84 F. orthoceras YQX. apli \ 

Absent 

Absent 

Highly vacuolated, very 
abundant . 

F 85 F. orthoceraa var, apii fd 

Absent 

Absent . . 

Hyaline, moderately.' abun- 
dant 

F 73 F. orthocerae var. pisi . 

Moderate . 

Absent 

Absent 

F 86 F. orthoceras var. longuis j 

! 

i 

Absent 

Absent , 

■■ Hi.ghl'y vacuolated, very 
'abundant. 

F 87 F. angustum 

Absent 

Absent 

1 Highly vacuolated, moder- 
ately abundant 

F 74 F. Uni 

Abundant 

Absent 

Higiily vacuolated, irioder-^ 
ately abundant 

F 20 F. Uni ? (Kamal). 

Absent 

Absent 

Sometimes construe iecl at 
middle, highly vacuolated, 
abundant 

F 67 Gram wiit organism 

Absent 

Absent 

Sometimes constricted at 
middle, vaciiolatc^d, very 
abundant 

F 92 Gram wilt organism 

Abundant 

Absent 

Hyaline, mexierately abun- 
dant 

F 93 Gram wilt organism . 

Al^nt 

Absent 

Highly vacuolated, moder- 
ately abundant 
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Aerial mycelmm ,‘atrom,a\ and conidia in aerial 'mycelium, on two per cent 
potato dextrose agar on the twenty-second to twenty-fourth days 


1 ■ 

Culture 

Aerial mycelium 

‘ Stroma ’ 

Conidia in aerial ' 
mycelium 


■ 

F 79 jP. bostrycoides . 

Moderate 


Absent 

Vacuolated^ very abun- 
dant 

1 ■■ 

F 80 F. conglutinans . 

Scanty . 

• 

Plectenchymatous 

Hyaline, few 


F 81 JP. conglutinans 
var. hetae 

Scanty . 

• 

Plectenchymatous 

Vacuolated, few 


F 82 F* conglutinans 
var. calUstephi 

Scanty . 

• 

Plectenchymatous 

Vacuolated, very abun- 
dant 

"i . 

F 83 jP, orthoeeras 

Moderate 

• 

Absent 

Hyaline, abundant 

r 

F 84 F, orthoeeras var. 
apii. 

Abundant 

• 

Absent 

Somewhat vacuolaetd, 
very abundant 


F 85 F. orthoeeras var. 
apiif. 1 

Moderate 

• 

Absent 

Sometimes constricted 
at middle, vacuolated 
moderately abxmdant 

1 


F 73 F. orthoeeras var. j 
pisi 

Moderate 

• 

Absent 

Hyaline, few 


F 86 F. orthoeeras var. 
longuis 

Abundant 

• 

Absent 

Hyaline, very abundant 


87 F. angustwn 

Moderate 

• 

Absent . , i 

1 

Hyaline, moderately 

abundant 


F 74 F.Jmi 

Moderate 

• 

Absent . . 

Highly vacuolated, few 


F 20“F. Unil (Karnal) 

Moderate 

• 

Absent 

Hyaline, abundant 


F 57 Gram wilt organ- 
ism 

Scanty . 

• 

Plectenchymatous 

Hyaline, very abund- 
dant 

1 

F 92 Gram wilt organ- 
ism 

Moderate 

• 

Plectenchymatous 

Hyaline, moderately 

abundant 

r 

1 

F 93 Gram wilt organ- 
ism 

Short and 

thick 

Plectenchymatous 

Somewhat vacuolated, 
moderately ahunda^it 



'lil i' 
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Table VIIT 

Aerial mycelium 'stroma,' and conidia in aerial mycelium, on five per cent 


Culture 

Aerial mycelium 

* Stroma ’ 

■ Conidia in aerial. , 
mycelium 

F 79 F. bostrycoides , 

Scanty . 

Absent 

Yaouolatedj very .. abun- 
dant 

F 80 F» conglutinana . 

Scanty . 

Plectencbymatous 

Hyaline, few 

F 81 F. cmglutimma 

Scanty . 

Piectenchymatous 

.Vacuolated, few 

var. betas 




F 82 F. conglutinam 
var. callistephi 

Absent . 

Plectencbymatous 

Spores often constricted 
at m.iddle and dis- 
torted, ' vacuolated., 




abundant 

Y SS F* orthoceraa 

Scanty . 

Absent 

Spores often constricted 


■ at middle and dis- 
torted, vacuolated, 
abxmdant 



F 84 F. orthoceras var. 

Abundant 

Absent 

Hyaline, very abun- 
dant 

apii 



F 85 F. orthoceras var. 

Scanty . 

Absent 

Vacuolated, few 

apiif*l 




F 73 F. orthoceras var. 

Scanty . 

Piectenchymatous 

Absent 

piai 




F 86 F. orthoceras var. 

Abundant 

Pleotenchymato as 

Hyaline very abundant 

longuis 




F 87 F. angustwn 

Scanty . . 

Absent . . . 

Hyaline, moderately 



abundant 

F 74 F. Uni 

Moderate 

Absent . . 

Abserit 

F 20 F. Uni ? (Karnal) 

Moderate 

Absent . . ■ ■ ■ 

Slightly vacuolated, 



abundant 

F 57 Gram wilt organ- 

Scanty . 

Piectenchymatous 

Hyaline, mcxieraiciy 

ism 



abundant 

F 92 Gram wilt organ- 

Scanty . 

Piectenchymatous 

Hyaline, modin-atciy 

ism 



abundant 

F 93 Gram wilt organ- 

Scanty . 

Piectenchymatous 

Hyaline, few 

ism 







Ill] 


THE Qmm FmAMUM, III 


251 









Table IX 

Measurements of microconidia on two per cent dextrose agar on the nine’ 

teenth and kventieth days {means of fifty conidia) 


Culture 

Mean 

length 

Mean 

breadth 

W 

Range (|x) 

¥19 F. bostrycoides 

8-6 

3-5 

5-l-~14-3xl-7-5-l ' 

FHOF.conglutinana 

9-9 

3-4 

6-8-18-0X2-0-4-4 

¥ SI F, conglutinans var. betae 

Absent 


.... 

¥ 82 F, conglutinans var. 
callistephi 

10-3 

2-4 

7 -8-19 -4x1 •7-4-1 

F 83 F. orthoceras 

9-0 

1 

3-2 

5-4-15-0X2-4-4-4 

¥ S4c F. orthoceras sfsx.apii . 

10-7 

3-2 

5-4-18-7x2*0-4*4 

F 85 F. orthoceras var. apii /.I 

7-0 

3-0 

4-4-10-2X1-7-4-1 

F 73 F. orthoceras var. pm' . 

Absent 


. . . i 

F 86 F. orthoceras var. longuis 

9-4 

2-8 

4-4-19-7 X1-7--4-1 

¥ SI F. angustum 

8-3 

3-1 

5-1-15-3X1-7-4-4 

¥ 14c F, Uni . . . 

10*3 

3-5 

6-8-15-3x2-0-4*l 

F 20 Uni ? (Kamal) 

9-1 

2-9 

6-1-15-3X1-7-4-1 

F 57 Gram wilt organism 

8-2 

3-5 

4-1-15-3X1-7-5-1 

F 92 Gram wilt organism 

8*2 

3-2 

3-4-16-3x2*0-6-8 

F 93 Gram wilt organism 

11-0 

3-4 

5-l-26-5x2-0-7*8 


Effect of tempebatube on the bey chabactebs 

The medium used in this experiment was oatmeal agar. It was prepared 
with only 30 grams of oatmeal to a litre of water, b^ut in other respects 
it was prepared in a manner similar to that of WoUenweber, Sherbakoft', 
Reinking, Johann and Bailey. Twelve agar-slants were prepared from 
each isolate, six day old oatmeal cultures being used for the purpose. The 
cultures were divided into six lots, each containing two tubes of each isolate. 
The six lots were held at six different temperatures in dark incubators. After 
ten days notes were made of the colours of the surface of the substrate and 
the aerial mycelium, together with the amount of aerial mycelium. After 
a further ten days the colours were again noted. On the twentieth day 
note-taking began as regards other characters as Y^ell as colour production. 
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and it took six days to complete the work. These notes included the presence 
or absence of a stroma, the type of conidia on the surface of the medium, 
the presence or absence of a pionnotal layer, and the development of elilamy- 
dospores. It was not possible to take the more detailed obseiyations at all 
temperatures, however, and consequently the temperatures 20 and .if) C 
were chosen for observations on conidia and chlamyclospores except in one 
or two special cases where all temperatures were used. 

The temperatures were recorded twice daily and the averages and ranges 
of the temperatures recorded during the period of the experiment were as 
follows : — 

9-6°C (Range 8'5-ll-0) 

14-7‘’C (Range 14-0-16-0) 

20-2°C (Range 17 •5-23-0) 

25-4°C (Range 25- 0-26- 5) 

30-2°C (Range 27 •5-32-0) 

35-3°C (Range 34-5-36-5) 

It will be noticed that the most difficult temperatures to maintain con- 
stant were those at 20, 25 and 30°C, which were nearest to room temperatures 
during the period. The means, however, were close to the required tempera- 
tures of 10, 15, 20, 25, 30 and 35°C, and throughout this paper the cultures 
growing in the various incubators are referred to as tlie 10° Series, 15° Series, 
etc. Since the purpose is to compare the reactions of the various (mltures to 
all six different temperatures it has been necessary to arrange somewhat 
elaborate tables. The colour observations are recorded in Table X, and this 
table also has been utilized for the relative thickness of tlie jjlectenchymaious 
stromata. No sporodochia or sclerotia were found, but in the case of T 82 
(J. cortglulinans var. cdllistepM) there was a defuiitc pionnotal layer on the 
surface of the agar at all temperatures, thougli it was very thin in the 10”(,‘. 
In several other cases thin layers of spores were found on the agar surface, 
though they scarcely deserved the name pionnotes. These observations are 
also included in Table X. 

Owing to the fact that the aerial mycelium had frequently collapsed 
by the twentieth day, observations on conidia were made on scrapings taken 
from the surface of the agar in many cases. If pionnotes or a thin layer of 
spores were present, these spores were also described. The desei'iptions of 
conidia and chlamydospores are given in Table. Xl. These descri[)titinH arc 
given only for the temperature series 20°C and 3.5°('. [ti many, tliough not 
all, cases, observations were made in some or all of the other temperature 
series, but since the descriptions given in Table XT clearly illustrate the 
general trend of the results and the other observations merely supplement 
the general conclusions, these observations have been omitted in order to 
simplify comparisons, . 
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The main Conclusions from this experiment can be sumnmriKed as 
follows 

(1) Except with F. orthoceras var. apii J. i t!jc onl.\' elFect, of tcnipera- 

ture on colour was a slightly more rapid pj^aluction o!' pigment 
at the higher temperatures, at uhieh tfie fungi grew moi't; 
quickly, and a tendency towanls prodiiction of a slighlly more 
violet hue. AH the cultures showing tlie ])urple pigment i iirnci 
red with two per cent hydrocldoric acid and vioict or wiih 
two per cent potassium hydroxide. 

F 85 {F. ortJwceras var. apii f. 1) iirodiiced no [jigmcid at 
10°, 15°, 30° and 35°C. It produced [)ur{)lc aerial my<'e]itim 
and dark plumbeous discoloration of the .sul»sli’ai<' at L'n'C. 
and at 25°C one tube was not pigmented whih' the duplicate 
bad a small patch of pigment at the thin end of tlu^ slant . (Tliis 
particular tube formed the material for e.v|)erim(mt. 3). 

(2) In general, the cultures showed the gieatest aiimuid. of aerial 

mycelium at 20°, 25° and 30°(t \’ery lilth* was produced at 
T0°C, and there was generally a falling off at 3rf (!. Casual 
observation suggested that this <-harueter was eorroiated witii 
the rate of linear grow'th at tlie various temperatures, hut 
no detailed records on this point were kept. 

(3) All the cultures except F. hostnjcoklas liad a thin pleetcmciiymatous 

stroma, and in most cases this was presemi at all temperatures 
except 10°C. 

(4) A thin pionnotal layer of spores wa.s fornuid by F, cdiHjiiillimHn 

YSis. calUstepM. Several eultui'tw, Jiamely F. orlhv&raH var. 
apii, F. ortJwceras var. lonejius, F. aneptsltm and F. Uni had a 
very thin layer of spores almost too scanty to de.serve the 
name ‘pionnotal’, though ‘ pion notes ’ are referred to in 
Table XI. There w'as no regular reJationshiji between tem- 
perature and the production of this very t liin layer of spores. 

(5) Abundance of spores in the aerial mycelium varie<l eonsiderahly 

with the different species, hut a (lifVcrenee- in temperature <)f 
15°C (20° as compared with 35°{!) had no appreciable ellcd. 
Spores were rare with F. orthoceras var. apii f. 1 and F. orlho- 
cems var. pisi. The three other varieties of this sjioeies had 
abundant or moderately abundant spores in the aerial my- 
celium. 

(6) Most of the cultures produced only continuons or I-,se}itattf, ovoid, 

spindle-shaped or slightly curved spores in th<! amial nivceliiim. 
The only ones producing 3-septate spores in t he aerial niyccliuin 
were F. conglntinans var. hetae, F. orthoceras var. apii, F. litii, 
and the gram wilt fungus F 93. 

(7) The so-called pionnotes had more septate sponvs, and in tluf ease 

of F. conglutinamvaT.cMlistepJnocc.miona] 4-5-0-se]»tate spores 
were found. Even here, how^ever, tlie non-septate spores 
totalled 68 per cent of the whole. 
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(8) The effect of temperature on either the iiumber of septatioiis or 

the length of spores of a given number of septations was slight. 
Averaging the lengths of all comparable sets of 0-septate 
spores in the aerial myeellium, namely .P. bostrycoides, F, con- 
glutinans, P. orthoceras, F, angustnm, F. Uni, and the two gram 
wilt fungi F 57 and E 93, the mean lengths at 20°C are 7y9a 
and at 35°C5 S-Ou, a negligible difference. Insufficient 3~sep- 
tate spores were available for comparison. P. bostTycoides 
had unusually small 0-septate spores, and P. orthoceras var. 

had rather large ones in the thin siiperficial or pionnotal 
layer. If the spores in the piomiotal layers of P. orthoceras 
var. longiiis may strictly be compared with those in the aerial 
mycelium of P. orthoceras, the differences between these two 
varieties of one species is greater than the difference between 
any two species except P. bostrycoides. 

(9) In most cases temperature had a marked effect on .chlamydo- 

spore production, 35°C being favourable and 20°C unfavourable. 
The difference was most marked in the cultures of P. bostry- 
coides, P. conglutinans var. apii f. 1, P. Uni, md the gram wilt 
fungi E 92 and F 93. 

PEODtJCTIOF OF PIGMENT BY P. OHTEOCMRAS VAB. APII F 1 

It is recorded in Table X that at the temperature 20"’C culture F 85 
(F. orthoceras var. upw /. 1 Wr. and Reink. ==P. apii var. Nelson and 

Sherbakoff*) produced a purplish lilac hue in the aerial mycelium and dark 
plumbeous in the substrate, and at 25°G also one tube showed a trace of colour 
at the shallow end of the agar. Since Nelson, Coons and Cochran [1937] 
say of this fungus ' Mycelium and substratum always colourless ’ this colour 
production attracted particular attention. 

From the tube showing a trace of colour, six transfers were made from 
the coloured portion and six from the white portion, on fresh oatmeal agar on 
the twenty-seventh day, and three fresh tubes were kept at 25‘^C. They 
were numbered, respectively, 1-6 W (from white portion) and 1-6 C (from 
coloured portion). When ten days old the colours were examined. The 
results are given in Table XII. 

It is seen that the aerial mycelium of all cultures produced a mixture of 
white and purplish lilac, that the substrate was colourless at the bottom or 
deep end of all the slants, but that the top or shallow end of the substrate was 
coloured in one tube only in the case of the cultures from the colourless portion 
of the parent and in four tubes in the case of the cultures from the coloured 
portion of the parent tube. An attempt was then made to obtain by further 
sub -culturing, cultures which produced entirely colourless and others which 
produced entirely coloured colonies. In order to do this, transfers were again 
made, this time from the top and bottom portions of the slants of tubes 1 W 
and IC, Four cultures of each were made. This was done when the tubes 
were ten days old. These tubes were labelled as follows, and placed at 
25'^C:— 

1 W T (inoculated from top of tube 1 W) 
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1 W B (inoculated from bottom of tube 1 W) 
I C T (inoculated from top of tube 1C) 

1 C B (inoculated from bottom of tube 1 C). 


Table XIT 


Colour production in F. orthoceras -mr. apii f. 1 Wr. and Jicln 
var. pallidum Nelson and Sherhal'ojf) after ton days 


Colour of aerial myceliuui 


Colour of Hurface tif HiilsHtratc 


liTatiire of 
parent nortion 
of culture 


Bottom of silant 


Bottom of Bkttt 


Colourless 


Wlilte and purp- Liglit inoiise gray 
lish lilac. 


Piirpli'jh lilac 
t-ncliangcd 


Coloured 


Purplish gray 
Unchanged 
.Purplish gray 
linehaiiMi'ii, 
Purplish gray 


U VV i (inoculated from top of original eoloorlegs t ulie) 

OWE (inoculated from bottom of original colotirle,ss tube) 

OCT (inoculated from- top of original jjartiaily colouft-<i tube) 

0 C B (inoculated from bottom of original partially coloured tui»e huf 
from the colourless portion) 

In these eight series the replicate tubes'were labelled a, b c and d 'I’haii’ 
colours were observed on the 11th and again on the 21st days I’hc' rnh.ms 
observed on the twenty-first day are recorded in d'ahle Xlll 

At the conclusion of this experiment the tubes showing <‘ol.,urs were 
divided into two groups, one of which had two per (tent hvdroehlune aeid 
added, and the other 2 per cent potassium hydroxide. In all ens(>s tlu' 

purple or gray hues became red with hydrochloric acid and violet or blue witli 
potassium hydroxide. ' * 
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Table XIII 

G ohm production of orthoeeras war. apii f. 1 Wr. and Jfeinfe. (=F. apii 
var. pallidum jVeJsoM and Sherbakoff) in first and second sub-ctiltures from 
white and coloured kibes, after twerdy-one days. 


First sub-culture 



Colour of aerial mycelium 

Colour of surface of substrate 

Culture* , 

Top of tube 

Bottom of tube 

Top of tube 

Bottom of tube 

0 WT a 

White and argyle pur- 
ple 

White and light mouse 
gray 

Unchanged 

Unchanged 

b 

White and dark vina* 
ceous gray 

White and deep mouse 
gray 

Do. . . 

Do. 

c 

Do. 

Do. . . 

Do. . . 

Do. 

d 

Do. . 

Do. , . 

Do. 

Do. 

0 WBa 

White and vinaceous 
gray ■ , 

White and argyle pur- 
ple and light mouse 
gray 

Do. . . 

Ivory yellow 

b 

White 

White and mouse gray 

Do. 

Unchanged 

c 

White and purplish 
lilac 

Do. 

Bo. . . 

Ivory yellow 

d 

White and dark vina- 
ceous gray 

White and light mouse 
gray 

Do. . 

Unchanged 

OCT a,. 

White . . 

Do. . 

. ''Do. . ;■ ■ . 

Ivory yellow 

b': 

Wliite and dark vina- 
ceous gray 

Do. . . 

Deep qiiaker drab 

Do. 

c 

White . . . 

Do. . 

Unchanged . 

■ Do. 

d 

Wldte and dark viria- 
ceons gray 

Do. . . 

Do. . . 

Unchanged 

:O OB a , 

. Do. , 

Do. . 

Do. 

Do. 

1) 

Do. 

Do. 

Do. 

Do. 

c 

Do. ' . . . ■■■ . . 

Do. . 

Do. 

Do. 

n ' 

Do. 

Do. . 

Do. . . 

Do. 


♦O W T — from top of original colourless tube. 

0 W B—irom bottom of original colourless tube, 

O C T“from top (coloured portion) of original coloured tube. 

O C B— from bottom (colourless portion) of original coloured tube. 
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Table XIIT~co?!i^l. 


Second- stih-cvUnre 


fl W T— inoculated froTYi top of colourless tube originating from ro!ouri«‘.sA 
I ’VV B—inoculafccfl froirt bottom of colourless tube origiimtiag from enl.mrlD^. ; tuhn 
1 C T — inoculated from top of coloured tube originating iTtmi eoloun'd tutu*. 

1 G B— inoculated from bottom of coloured tube originating from r-tilounai t ube. 


coloured tube and the originally colourloHB one eonBisted of ti inixinre of two 
strains, one capable of producing a pigment with a<*id anti alkali reaoi ionn typi- 
cally those of the sub-section Orthoeera, the other unabhj to do sia Ha re 
wa>s no indication that sub-eulturing from the upper portifuis of ibe slant, 
where the colour was intense, would yield an intensely pigmented cult nre. 
If the coloured strain occurred as a saltant it must have done so at a stage 
previous to the inoculation of Experiment I. 

It is interesting to record that one of the iiiost intensely coloured ciiltiires 
was retained in the stock culture collection and has !>een Hul>-(niltiirc‘d four or 


disappeared. 




Colour of aerial mycelium 

Ctolo'iir of siirfa 

(T. of snf rail- 


Oult-urct 

Top of tube 

Bottom of tube 

Tor* of tube 

; Botloiii of 1 iihf* 


1 W T 

0, 

White 

lilac 

and 

purplish 

White and light mouse 
gray 

Pale vinaceou^ lilac. 

I'vnry yFilow 



b 


1)0. 


Do. 

, Do. 

; Do. . 



c 


1)0. 


Do. 

Do. . ' . 

Bo. 



d 


Do. 


White 

Deep piirplfeh 'viiia* 
ceoiis 

D.O. 


1 WB 

a 


Do. 


White and light mouse 

gray 

Dndmngec! 

' Bo. , 



b 


Do. 


Do. 

Vinacemts lavcndar , 

Bo. 



c 

White 



Do. 

IJndumged 

; Do. 



d 

White 

lilac 

and 

purplish 

Do. . . 

Do. 

Do. 


1 CT 

a 

White 



Do. . , 

Do. 

Do. 



b 

White 

lilac 

and 

purplish 

White and deep mouse ^ 
gray ; . . i 

Bight Yiu.'iDeous lilac . 

: Do. ■ 



c 

White 



White and light mou.se = 
■ gray ■ 

Driduuig'd 

i Bo. ' ^ 



d 

White 

lilac 

and 

purplish 

White and deep mouse ; 
gray 

TJglif vinacfauH lilac . 

= ' IlC'f. 


1 C B 

a ■ ■■ 

White 



White and light ruoust* 
gray . | 

rrjebangetl 

'Do, 



b 

White 

lilac 

and 

purplish 

Do. ■ . ' 

'Do. 

l'«o. 



c 


Do. 


...Do. ■. 

bight vinsteemw lilac 




d 


Do. 


■' Do.. ■ ; 

rneiiimged 

Dm 




taLUENOE OE ASFABAGINE ON THE KEY CHARACTEES 

The purpose of this experiment was to find whether a variation in the as- 
paragine content of a synthetic medium influenced the septation of spores, 
colour of mycelium and substrate, and other characters as found by Brown 
{1^2^ in Fmarium fmctigenum. 

The following fives cultures were used 

F74. jP.ZimBoUey : 

In previous experiments this culture showed a distinct tendency to 
produce a purplish lilac colour in the aerial mycelium and a 
deep purple, lilac or violet hue in the substrate, varying 
presumably with the acidity or alkalinity of the medium. 
It also produced a thin layer of spores on the agar surface, 
resembling pionnotes. In nature, according to Wollenweber 
and Reinking [1935] it sometimes produces sporodochia, and 
in the form of the conidia is a bridge between F, orthocerm 
and F. oxysporum. It produced abundant chlamydospores 
at 35T, few at 20^0. 

F 85. F. orthoceras var. apii /. 1 Wr. and Reink. (— F. apii var, 
pallidum Nelson and Sherbakoff) : 

This culture behaved peculiarly in regard to colour production, some- 
times producing a purplish lilac colour in the aerial mycelium 
and perilla purple or dark plumbeous in the substrate, at 
other times having white aerial mycelium and producing no 
colour in the stroma. It produced no pionnotes and even non- 
septate small conidia in the aerial mycellium were few. It 
produced abundant chlamydospores at 35®C, few at 20° C. 

F 57. Gram wilt fungus : 

This culture produced no colour, and very rarely produced septate 
spores. Small conidia were few in the aerial mycelium 
Production of chlamydospores was very rare at 35°C, and none 
were found at 20°C. 

F 92. Gram wilt fungus : 

Resembled F. 57 except in the moderate production of chlamydos- 
j pores at 35°G and occasionally at 20°C. 

F 93. Gram wilt fungus : 

This culture, like F 57 and F 92, was colourless, but it produced some 
long 3 -septate spores and the smaller spores in the aerial 
mycelium were more abundant than in either F 57 or F 92. 
Chlamydospores were moderately abundant at 35°C, though 
absent at 20° C, 

The media used in the experiment were as follows : — 

1. Glucose 2 gm. 

KaPO^ l‘25gm. 

MgvS 04 . 7 H 20 0*75 gm. 

Agar 16 gm. 

Water 1 litre 

2. Medium 1 plus 0*05 gm. asparagine 
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3. Medium 1 plus 0-10 gm. asparagine 

4. Mediiim 1 plus 0-20 gm. asparagine 

5. Medium 1 plus 0-60 gm. asparagine 

6. Medium 1 plus 1 -00 gm. asparagine 

7- Medium 1 plus 2-00 gm. asparagine 

8. Medium 1 plus 4-00 gm. asparagine 

9. Oatmeal agar, using 100 gm. oatmeal per litre, steamefl at eO'’C for urns hour, 

strained through muslin, sterilized at 10 lb. prassuro for 45 inhiuiiDs (20 
gm. agar) 

10. Plain agar (20 gm. per litre). 

Four tubes of each medium were inoculated with each iungus from plain 
agar cultures, except in the case of F 93, tubes of wliieh vvei'e inocuiated from 
3 per cent oatmeal agar because the growth on plain agar wa,s unsatisfa*!- 
tory. The cultures were grown at 25°C. The replicates were labelled a, b, 
c and d, and these designations are used in Tables XV and XVJ whicsh sum- 
marize the observations on spore forms. The colour, s noted on the ninetecjith 
day are recorded in Table XIV . 

A most surprising feature of this experiment was the complete failure of 
the fungi to produce any pigment what.soever on any of the syntlndic media, 
in spite” of excellent growth with an abundant (;overing of aerial mycelium. 
These media are known to be less satisfactory for colour production than 
sitriilfl.r media to which potato starch is added, but comjiletc I'ailure to produce 
colour by such a deeply pigmented culture as F. Uni was not (,>.x[)ecf ed. Starch 
was deliberately omitted because Brown [1925] difi not find it siiilablo for 
studying sporuiation in the feebly sporing strains of F. frncUijtinim ( F. 
ateritium). 

As was the case in experiment 2 on oatmeal agar, F. orlhoe.mt» vnr. a'pii 
/. 1 formed practically no septate spores. Its behaviour on other media 
was irregular. For instance, few spores were found on nualium T) containing 
0-5 gm. of asparagine, but spores were present in abundance on media 4 and <i, 
containing 0-2 and l-O gm. of asparagine respectively. Kjjores wore absent 
in medium 8, containing 4- 0 gm. of asparagine. F. Uni produced non-s(!]»tate 
spores in media 1 (with rare exception), 2, 4 and 0. It [(roducctl U-S-septale 
spores in two tubes of medium 3, one tube of medium .5, two tubes of medium 
7 and one tube of medium 8. It produced only continuous .spores on oatmeal 
agar and plain agar. Only medium 5 gave sufficient 3 se})tate spon?s of F. 
Uni for a reliable average, and they measured 33-2fi.x4'lg. 

The lack of agreement between replicate tubes as regards chlamydospore 
production was most striking. 

Discussion 

It is not often possible in any genus of fungi containing a large number of 
species to name any single variable character the exact measurement of M'hich 
will determine the species. It is in fact fairly widely aceejited that a one- 
character difference, unless it is very great indeed, can hardly bo considered to 
warrant anything higher than varietal rank. Moreover, when the particular 
character concerned is highly variable and responds readily to environmental 
changes, its value is considerably reduced. 




Colour production on synthetic media and on plain agar and oatmeal agar after 19 days 





THE GENUS FU8ARIUM, III 


275 


nil 


-S'^S.S 

'p, w , “g 

.P a> 5« eg «3 a 
3+3 W ^ "d-S -j* 

|s^| ? 

d O . ’C-C! & CO 

jAsgi I ^ 

S . g'S'^’dN 

3 o 0) +3 

S Q. l^Qj H OJS ft 

.9 d-rJ S ^'d.S3^ ^ 

g'^§fio'^gft 3 §cc 

O' 


li 

3^ 

S d 

if-s 


■ 


^-ta 
eg CD 

fti* 


.a a 
a ft« 

o oijid 

S 

j/> ® 5 fO 


■' ®2a ■ 
3 ^ 
go^ 


o s 
!>» 
o «s 


o'd 

. OB CD 


■ si'S'® 

O-i'rrt 
a ft^ . 

l“§ 

|5'§ 


i»*'«oS-eS 

§ is q SB “ & 

S 2 o'|’“ g'S'^ « 

2,^+s 3 ® O ^rH 

^ ? S’fl.S 

§3« • 

>(i afg ^40 ci3 ^ a a 

£733 F 0.5 ^ 

w o g*.®! ¥ 

co^ 0?Orf2 ^QOO'dCO 
<D 




si 


»S '«x| 

§1 “I“l 

o “ « 

® “! a e^i X 


Hr 



|§il 

§ S 

ig, i 

O CD fe 5? • I" 
rv42> •■ 5 • 

3.'gS«|g'q^“ 

> a S'-q-g c,oiS 3®3 

%^§|S|&|S 


'S gCas ^Oxsoocc 


TT} •» 

+3 4) d 

ftft^ 
s cs-a 


rgr 


fe.i 


o3 


gSgs'“ 

ia:f'^®' 


ii S3— ‘*'3 s-b"^ S 

liiaslp I 

Trt"P ® 

3«)L,fc'® ^g'« ^ 

oa^ -o 

T ft H '® 


li 

P.S 

H 

S’i 

?§ • 
g|'e 


if® 

Is 


lllf 

*? o!9 g* , 

rH ®.3 3-§ 

, fe aftS 
fc! 2 0? 3 
o a !>.'ci . 

0 ? JS? p fO 
53 Q-e 3 


i"S: 

lilt 

ilg" 

geo b& 


if'i®- 

o “ a> 


^ & Sm J? o US • "K 

o 


r«ci g? 

■| | . 
5|| 
SAS • • 

„'2 «3-e»o 

3.9 ^ 


J ■sf 

g3'% d 

Q 


■ w 

3^- 




III®" 
II § 
1l« 


5 A 

fii 

■d 

*0 „ 
^na 
o o 

S' 

•'(d 

o 05 b 
djg**^ 
•1.9 g 
flI-S 

I”" 


§s|s“--* - 9*^4>- 


“l|a“|:;| 3 sg!|- 

.,33 


nj 'S, 3 r {> Cj 3 "o rn Y '«'• 

“|SSsg|^§®i”x 

.0 ®„S“|S Is r^a, 

SR k.9o kS3+3<no3| 

-"S -"Nscs^ftcs . 03 S a^ • 

« 3 26^4^ *4 «'9« 

» Is .■a|,,s“E ^§2 

05frtO o>a33j£> 

S-3 5§’S"'“S'§S?'SS,t 


«'®'3 
"S ~S3 

|i 

g-if 

gi®*- 

S-SSS 

S rnSV 


.a!i 

II 

a a 

0? o 


-1 
^ 9 4 

sn 

gf « 
9 3* 


o ^ 
>-'0 
O 05 


g"? ^ 

ill 

ill 


^ a ^ w o ’o § 

iiig^:i 

|Zl CU 4*> 'tS ^ 

so o ^S’3 

“■? .SgSl. 

e fill'll ^ 

®5SS'gs2ej 




THE INDIAN JOURNAL OF AGEICULTURAL SOIBNOE 


THE 0EHUS fmARltJU, til 


2?7 


^ 2 > e 


^ ^ I 


% - 

'“3*0 d 
?5 0! 3 

5?'"X3' 

S^-+a 

■ Si ■ 

Si ' 


>.A 

5=3 . . 

<X> !> 

S oj'S 

^ o 
» o 

^ o 

HQ 

l§ 

■ ^ C 

go: ^ 

oS o 

p O : . ■ 

^1 

.9 A 

§1^ 


Is . 

fi tn -g 

gi 

1? 
d * 

» o 




■ 

a , 


oTd ■ 

1 ' 



a'g’g 

■■ a'g- 

a's . 

It 

%Xi 

1 

gv-g 

rt H •: 

ns3 c? 5 

-gll . : 

5=3 >* 
hTS pc 

5d »• 

■ re's ^ 1 

S^a 


l&t 

" pl 

llsi 


'i J« 


|l«4 

H < 






tHB INDIAN JOURNAL OF AGEiCULTURAL SCIENCE 


The section Elegans has a number of characteristics which are said to 
tvpifv the section. The more important of these are , , 

(1) Presence of abundant, mostly one-celled, ovoid to sjnndle-shaped, 

small conidia, not borne in chains. 

(2) Presence of terminal and intercallary chlamydosjiores. 

(3) Delicate walls and septations in the («iiidia. 

The species in the sub-section Orthocera have tlie additional tcristic s 

of slenderness of the spores, which are almost straight or spindle-sliapefl, 
with a papillate or very slightly foot-celled base. Hiey are witliout, or at- most 

with traces of sporodochia. _ . , 

T1i 6 oxpcriixiLCiits described here liB-ve indicated tluii the tUitiicntic 
studied produce in many cases abundant small conidia of the kind described. 
F. conglutinans and F. cmgluUnam var. apiif. 1 I'arely produced any at all. 
Steamed rice was in many cases unsatisfactory for their production, hut the 
remaining media used, namely oatmeal agar, potato cylinders, two per cent 
potato dextrose agar and five per cent potato dextrose agar, were about 
equally satisfactory. 

All the cultures were found to produce chlaniydospores, l)ut they were 
found to vary to an extraordinary degree in this rcspe<>t. F. orthorerm var. 
longuis, and the gram wilt fungus F 57 produced clilauijdosporeK very 
rarely. There was a striking difference between abundaiu'c of chlamydosporea 
at 20° C and at 35°G, the latter usually greatly enhancing their production. 

The conidia had delicate cell-walls and sejitations, and this characteristic 
did not seem to alter with the medium or the temp<>nitur(*. it seems t-o be a- 
characteristic of the group. 

Owing to the fact that some of the cultures failed to produce an apj>rcci- 
ahle number of 3-septate spores, the ratios of length to hreadtii were not 
determined, but in all eases they were spindle-.shaped or only slightly i-iirved, 
and they had no typical foot-celled base. These again ajqa'ar to be charac- 
teristics of the group. 

Provided these fungi were grown at 3r>°G they could readily be identified 
as Orthocera-Fusaria with the possible exception of F. orlhocmts var, njm f. 
1, F. orthoceras ys,T. longuis and the gram wilt fungus F 57, for which a large 
number of tubes might have to be examined before reaching a final decision. 

On the whole, the description of the sub-section given by Wollenweber 
and Reinking seems to be satisfactory and it covers the degree of vai iatio i 
exhibited by the different members. 

The distinction between the various species depends, as stated previously, 
on the following major characteristics ; — 

(1) Presence or absence of pionnotes. 

(2) Type of conidiophores. 

(3) Colour of stroma. . 

(4) Type of plectenchyma-erumpent or smooth. 

(5) Sizes of conidia. 

(6) Pathogenicity. 

The type of conidiophore branching is used only for distinguishing F. 
bostrycoides. As stated, no bostrycoid branching could be found; the method 
of branching of the conidiophores in this species appeared identical with all 
the other species of the group. 




' ' ' > /y 





■Ill] te:& amvB msiiiiuM, iii 279 

Pathogenicity is a very positive characteristic, but it has not been practi- 
cal to determine its variability. 

According to Wollenweber and Reinking sclerotia may or may not occur 
in the sub-section. It is a noteworthy fact, however, that of the 12 re- 
presentatives they describe, sclerotia are stated to be absent in four and no 
mention is made of them in seven others. The only case where they are 
mentioned is in F. Uni, a species which they consider to be, as regards form of 
macroconidia, a bridge between F. ortJioceras and F. oxysportim. The latter 
fungus produces sclerotia. No doubt it is very convenient to leave this trying 
species, F. Uni, out of the key. It is questionable whether any of the fungi 
produced any structure which could genuinely be called a ‘ stroma ’. The 
nearest approach was a plectenchymatous layer, and the fungi differed little 
in their formation of this. The term ‘ stroma ’ has been used in this paper to 
describe the thin superficial, fleshly layer which forms on the surface of aU 
moderately nutritious agars. It has not been found to be erumpent. 

We are left with three variable characters which might be used as an aid 
to identification, namely, presence or absence of pionnotes, colour of ‘ stroma 
and sizes of oonidia. What are they worth ? 

The only culture definitely producing pionnotes was F. conglutinam var. 
caUistepihi. Pour other species, namely F . orthoceras var. apii, F. orfhoceras 
var. longuis, F. angustum and F. Uni had very thin superficial layers of spores 
which were barely entitled to the name ‘ pionnotes ’, and could best be des- 
cribed in Wollenweber and Reinking’s words ‘ Konidienschleime von geringer 
Ausdehnung ’. It so happens that F. congulutinans var. callistepM is placed 
by WoUenweber and Reinking in the group with pionnotes typically absent, 
though in their detailed description they say that the conidia of this variety 
are more or less copiously scattered about, in exceptional cases covering the 
substrate as a faint, thin transitory pionnotes. 

The colours of ‘ stroma ’ or of surface of the substrate lend themselves 
better than many characters to accurate description because they can be com- 
pared with weU-known colour standards. It has been clearly shown that there 
were three main groups in the cultures studied, based on pigmentation. These 
groups may be compared with the colours described by WoUenweber and 
Reinking : — 


Culture 

Colour of * stroma ’ or sur* 
face of substrate 

Colour of stroma according to 
Wollenweber and Beinking 

y. orthoceras var, pisi 

Blue-brown-hued . . 

Beddish ochre to chestnut-brown 

F\ bostrycQvies , 

Purple hued, changing to 
red in HCl and blue or 
violet in KOH 

Brownish white, then palm -green 
or violet 

or&hoeeras 

Ditto • . . 

Pale, 'flesh-coloured, 
flecked, purple-red-violet 



(becoming blue in alkali) 




THE INDIAN JOUENAL OF AGEIOULTDRAL SCIENCE 




Culture 

Colour of * stroma ’ or sur- 
face of substrate 

Colour of Htroina according to 
Wollenweber and Boinkiug 

F. orthoceraa var, apii 

Purple lined, changing to | 

'Pale, -coloured, grmm 

red in HCl and blue or | 

i decked, piiipie-rM-violet- 


violet in KOH | 

I (becoming blue in a-lkali) 

F* orthoceraa var. 

Ditto . . 

' . Ditto. 

longuis 


1 ' ■ 

F. anguatum 

Ditto , , . 1 

■ Bose, to ■ purple-red (kieondiig 
' 'blue 'in alkali) 

F, Uni . . . 

Ditto , , , ! 

Various coloured, clear, brownish 
white, flesh coloured, greeiaish, 
rose to red (in alkali violet 
or blue) 

F. orthoceraa var. apii 

Usually non-pigmented* 

Pale, nut bfK'onnng redfiihh- 

/•I 

sometimes varioiiBly 

violet on rice mush nor blue 


grayish-purple j 

in alkali 

F, congluiinam , . 

Non-pigmented . ♦ i 

Pale, whih^ then hrownisfi to 



rosy white 

F. conghUinans var. 

Non-pigmented . , ; 

Palff, wiiite, then brownish to 

betae 


rosy whittj 

F. conglvMmna var. 

; ■ Ditto ' . 

Palo, white, then yellowish, 

callisfephi 


brownish to rosy-white, in 
exceptional cases with tnis^os 
of grayish lilac colour 

F 67 Gram wiit or- 

Usually non-pIgmented, ! 

ganism 

sometimes variously 

grayish-puipla 


F 92 Gram wilt or- 

Ditto . ' ' 


ganism I 

i 


F 93 Gram wilt or- 

■ Ditto ■ ■■■ , 1 


ganism 

: 1 
1 



J.. var. upl^ j. i T.ntows consicleraiik* lipriit on tit'* 

whole question of pigmentation. According to Nelson, Coons and Cochrtui 
[1937] this fungus is supposed to produce no pigmentation. It is cicarlv 
shown that it may pi’oduee it under certain conditions, and the pigment shous 
the usual acid and alkali reactions. 

Apart from F. orthoceraa var. pisi there i.s only one significant pigineitt 
produced, namely the purple pigment becoming reti in hydrochloric acid and 
blue or violet m potassium hydroxide. 'I'hat certain isoiatea of A’, orthorerm 
var pm may also produce this pigment is suggested by the work of .Sn\-der 

^ The remainmg cha-racteristic which lends itself to accurate measurement 
18 spore size. It has been shown that as regards the 0-septate .spores the 
variation within so-called species is as great as or greater than the variation 
between species, and the character is therefore of no'vahu* for Hoodfia dedermi- 
nation, ‘ 
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, Sizes of S-septate spores could' not in many cases be ' determined owing "to 
the fact that some cnltixres produced few or no such spores. In the case of 
F. lini (K)mparisons may be made with the figures of Wollenweber and Rein- 
king 


Culture 

Measurements by Wollen- | 
weber and Beinking 

i ' ' "Author’s measurements ' 

! ' ■ ' ■ " ■ 

F. lini 

35x4 (21-41x2-5-~4-5) . 

On Brown’s medium with 0*05 
per cent asparagine (25 spores), 
33-2x4*lp (18*7-51-0x 

3*4~5-8) 

On 3 per cent oatmeal agar at 
20° 0 (4 spores oidy) 46*3iJt. 
in length (39*1-^52 *7) 


It is clear that in F. lini the variation is much greater than indicated 
by Wollenw^eber and Reinking. 


The three gram-wilt organisms R 57, F 92 and F 93, though alike in lack 
of colour, show marked differences in regard to spore production. F 57 and 
F 93 produce very few 3-septate spores, but when they do produce them they 
are not appreciably different in size, and the range of variation of the means is 
not greater than that of F, lini. Spores of similar septations are alike in the 
three isolates as regards form. Duplicate tubes of these and of other cultures 
vary greatly in the ratios of continuous to septate spores. All the three gram- 
wilt organisms can produce chlamydospores, but in abundance of these they 
differ. 


We are forced to the conclusion that the cultures of Orthocera-Fusaria 
maintained at Baarn cannot, with one or two exceptions, be recognized from 
the descriptions given by Wollenweber and Reinking. The key simply falls 
to the ground when used with authentic cultures. 

According to Wollenweber and Reinking, Fmcwium Uni fruits better than 
the other species of this section, and in many isolations even produces occa- 
sional sporodochia, and therefore belongs to a transitional form with the other 
groups. This view is strengthened by their statement that the macroconidia 
are, in form, a bridge between F. orthoceras and F. oxysporwn. The original 
description of F. lini given by Bolley [1901] definitely refers to sporodochia 
with typically 4-celled conidia. If we are to include the other fungi in this 
species it means that we are practically obliged to regard them as only sub- 
normal material of Oxysporum— or Oonstrictum-Fusaria, a procedure which 
Wollenweber and Reinking [1935] give reasons for not adopting. 

F. angiistum, according to the original description by Sherbakoff [1915] 
differs from F. orthoceras and F. conglutinans, in its spore form narrowly taper- 
ing at the ends and sometimes anguiform. The lack of septate spores in the 
experiments described here have made it impossible to study the reliability 
of this character. A study of the original description makes one wonder why 
this fungus was ever placed in the sub-section Orthocera. The shape of spores 
pictured by Sherbakoff, with their narrowly tapering ends and their distinct 
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foot-cells, together with the high length : breadtl) ratio, would seeni to elimi- 
nate it completely from this sub-section, and bring it in line with t he Vovs- 
tridum-Fusana. Wollenweber and Reinking [1935] have retained it in the 
sub-section Orthoeera in spite of a length : breadth ratio of 13 : 1, wliieii is 
quite outside the limits of the group. 

F. bostrycoides has not in any of the observations made shown t he imsf ry- 
coid branching by which it is supposed to be recognizaldc and fi'orn whictli ii 
has taken its name. It has, however, a very distinct tendcn<-y to prodm'f' 
conidia in false heads. For the time being it seems advisable to retain this 
species, though eventually it maythave to undergo union with one of f he nt hers. 

We are left with Fiisarium ortJioceras and F. covfihilhumft. It has hecn 
suggested by Wollenweber and Reinking [1935] that lhe.«e two might }>e 
united, but it has not been done because the fungi grew .somewhat dillerent ly. 
In the experiments described here, however, all distinctions have <-onij>let<dy 
broken down. In many respects the differences between varietie.s within 
one of these species are greater than the differences between tlu! tw o .speedes, 
and all efforts have failed to reveal a characttiri.stic- diflerenee lad ween tlie so- 
called species. It seems that W'e are fully justitied in uniting the two under 
the name Fusarium ortJioceras App. and WoIIenweb<‘i-. 

Fusarium conglutinans was the name given by Wolleuw(*her |19i;i] for 
the fungus causing wilt disease of cabbage. The deseript ion was as i'olhm s : • 

‘ Differs from F. ortJioceras in the absence of a w ine rerl (•(dour on rice, 
which is a striking character of typical species of the si’ction Hicgan.s. Vas- 
cular parasite, cause of wilt disease of Bmsslm oUnmn var. cup} lain {pro.ed 
by Erwin F. Smith, L. R. Jones and L. L. Harter) in ilie I’nitcfl Kta.!<‘s of 
America.’ 

It will be seen that the difference lies only in pigment production. N'ef 
Wollenweber and Reinking mention a rosy-white Colour in F. conglitlimns 
and F. conglutinans var. caUistepJii, and conversely, as we have seen, non-piii 
mented strains are found in varieties of F. ortJmrrns. If this were a<‘cf'pi!'el 
as the significant difference between the tw'o species, one wondt-rs why Wollen- 
weber and Reinking placed F. apii var. pallcns of Nelson and F<Chrnii (F. 
apii var. palliidum Nelson and Sherbakoff) as a variety of F. ort/iix-t nts ami not 
of F. conglutinans. The answer, of course, is that there is no fundatneuta! 
difference between the species. 

Fortunately, F. ortJioceras is one of the species of Fusarium whicli at the 
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lilj 

Morpliologically indistinguishable from the furidameiital species/ Can 
of a seedling blight of Beta vnlgaris in North America (U. S* A.)* 

Fusarium orthoceras App. et Wollr. rajv. calUstepM n.e. 

Sjii. F. conglutinans YBjt, majm Wic. 

F*conglutinamWT:YB>T. calKetepM Beach. 

Morphologically indistinguishable from the fundamental species. ^ 
of ^ a vascular wilt disease of Callistephm chimmis in most countries where 
this plant is grown. 

The gram wilt fungi are considered to comprise one variety 

Fmarium orthoceras App. et Wr. var. ciceri n. va-r. Morphologically 
indistinguishable from the fundamental species. Cause of a vascular wiit 
^ disease of Oieer arietinum in India. 

In the opinion of the author, the decision of Nelson, Coons and Cochran 
[1937] to change the names of orthoceras var. apn Woll. et Ekg. 

and F, orthoceras var. apii /. 1 Woll. and Rkg. to Fusarium apii and F. 
apii var. pallidum mspeoiiYBly is unfortunate. The decision was based 
not on experimental evidence that the fungi concerned are moiphologi- 
cally different from F, orthoceras hut on the opinion that pathogenic considera- 
tions should be a major criterion in distinguishing species — ‘The most im 
portant differential character is the distinct host relationship and it is chiefly 
on this basis that the segregation is made. * When Linford in 1928 created the 
variety pisi of F. orthoceras based on the ability of this fungus to cause a wilt 
of Pisum he laid the foundations of a nomenclatorial system for these fungi 
which was already of proved worth in Puccinia graminis with its varieties. 
Linford’s procedure appears to be the one most likely to avoid confusion. 

SUMMABY 

(!) Morphological and cultural studies have been made of eleven of the 
twelve species, varieties or physiologic forms of Fusarium of the sub-section 
Orthocera^ using cultures supplied by the (fentraalbureau voor Schimmel- 
cultures, Baarn. Fiisarium coriglutinamYQi.v, citrinnm Wr. (F. citrinumYlT.), 

\ the remaining species, could not be obtained. Included in the experiments 

( were three fungi able to cause wilt of gram {Gicer arietinum), 

> (2) The cultures vary in ability to produce spores in the aerial mycelium, 

to produce septate spores, to produce chalmydospores, to produce pigments 

I ■ '■ ■ 

(3) In respect of pigment production, the cultures fall in three groups : — 

(i) Producing blue or brown pigments, unaffected by addition of hydro- 

chloric acid or potassium hydroxide. 

(ii) Producing a purple pigment, becoming red in hydrochloric acid and 

blue or violet in potassium hydroxide. 

(iii) Non-pigmented. 

While all cultures of F, conglutinans failed to produce pigments, varieties 
or forms of F. orthoceras fell within aU three groups. Steamed rice is an excel- 
lent medium for studying pigment production. 


(iv) Production of aerial mycelium, and of a so-called ' stroma and size 
of non-septate spores are of no value in identifying these species. 
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(?) Pigment production appeared not to bo a])prceinlily iidluciicod ii.’'' 
temperature of growth except with jf. ori/iOcerfi(s?ar. ojni j. 1 Woli.. a fuiigii> 
reported to be non-pigmented, but producing the purj.le j)igm<mt iti some 

cultures at 20° and 25° C. ti i ■ 

(?i) The only culture producing typical pionnotes was i . coni/hilmim vnr. 
callistepM which is placed by Wollenweber and Peinking in tiie gmuj) wiiii 
pionnotes typically absent. 

(vii) The effect of temperatme on 
length of conidia was slight, but a 


either the numbci' ni' septal ionn or tla; 
temperature of 35° {! was markedly more 
favourable for chlamydospore production than one of 20° ('. 

(viii) An experiment on the effect of asparagine in a synf hei ie medium on 
the septation or length of spores were incoaelusi\u and it was hairnl that 
replicate cultures often gave entirely different resulls. 

(ix) The results are discussed in detail and reasons ar<‘ given for regarding 
Fmarium canglutinaris as a synonym of F. orthoa rms, w hidi should be divided 
up into varieties based on major pathogejiic eupabilities. Heasoiis are given 
for not uniting jF. orthoceras with the earlier Vnri or with F. ImirycoUloi 
or F. angustum. It is not clear, in fact, why F. mignstmn shouhi he placed ii! 
the sub-section Orthoeera at all. 

(x) F. ccmghttimm, F. cmighftinam var, hetae, and F. rottgliiHnnns vai . 
callistepM, become varieties of i’. orthoceras, and the new variety F. orthoc^ms 
var. ciceri is proposed. 

The author acknowledges his deep appreciation of help reudored by Mr. 
H. H. Prasad in maintaining cultures, preparing media, and in many other 
ways. Thanks are due also to Dr. B. ;B. Mundku!' for kindly making avail- 
able for use his personal collection of reprints. 
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eYTOLOGICAL STUDIES IN GOSSYPIUM 

I. CHROMOSOME BEHAVIOUR IM THE INTERSPECIFIC HYBRID 
G. ABBOREUM x 0. STOGKSII 

BY 

P. ABRAHAM, B. A., M.So. 

Agricultural Research Institute, Coimbatore 

(Raeeivod for publication on 0 August 1939) 

(With 13 text-flgures) 

Introdxtotion 

Vj^ITH the object of transferring the drought-resistant qualities of the 
» V Asiatic wild cotton G. Stocksii Mast, to the strains of rain fed cultivated 
cottons of southern India, hybridization between them was attempted by the 
Cotton Specialist, Coimbatore. The hybrids between the local Karungamii 
strain Kl {0. arboreum L. var. neglectum Watt forxaa indica H. & G.) (2ji=26) 
and G. Stocksii Mast. (2«=26), proved to be completely sterile. A cytologioal 
examination of the hybrid was undertaken to discover the causes of its sterili- 
%• 

Meiosis in similar hybrids between G. Stocksii Mast, and other types of 
G. arboreum L. have been examined by Skovsted [1937]. 

MateRIAI. arc MBa?HODS 

All the seeds and plant material required for the investigation were kindly 
supplied by Rao Bahadur V. Ramanatha Ayyar, Cotton Specialist, Coimba- 
tore. Flower buds for the study of meiosis were collected from plants which 
were grown at the Cotton Breeding Station and at the Imperial Sugarcane 
Breeding Station, Coimbatore. 

Flower buds were fixed in acetic alcohol for 24 hours, washed in 90 per 
cent alcohol and then dehydrated and infiltrated by the chloroform method 
[La Cour, 1931]. A thickness of 18 to 20{ji was found necessary for anther 
sections. Slices stained in gentian violet gave good results. 

Temporary aceto-oarmine mounts of either fresh or fixed material were 
made according to the method suggested by Bellings [1926] and used for mi- 
croscopic examination and drawings. Such temporary mounts, after being 
ringed, were quite suitable for critical examination and fit for use for nearly 
five to seven days. A good number of drawings of meiotic stages reproduced 
in this paper were made from such temporary mounts. 

Meiosis in the parents 

Chromosome pairing and chiasma behaviour have been studied in both 
the parents at diplotene, diakinesis and metaphase stages and the data are 

283 



286 the INDIAN ' JOURNAL '-OE AGrRIClILTURAL SGIIN’CI, . . 

presented in Table I and II,"( Appendix). To ensure accuracy in determiini 
observations' were made on 78 bivalents at.eaeli stage in botli the sp 
confining" observations only to uncut nuclei showing complete coiiiple 
of chromosomes. 

rml'fe:*'' 


Number of cbiafimani per bivalt'Ut 

Fig. L CtHves showing the chiasma frequency per bivaliait in the two parent*:! ati«l 
t he hybrid 


Ficn 2. Diplotene stage m 
qrboreum K1 ( x 1000^ 


Fici* 2. Biplotene stage in 6?. 

(X2100) 


Ill] 


C YTOLOaiC AL STUDIES IN GOBHYPl UM , F 


287 


The foUo wing observations been recorded : 

The number of chiasmata in each bivalent varied from one to three in 
both the s}3ecies, two being most common. V — , X — , 0 — , and 8-shaped 
bivalents were observed (Figs. 2 and 3). Except for slight variations from 
nucleus to nucleus, the general appearance and configurations of the bivalents 
at the same stage were nearly the same in both the species. The mean chias- 
mata per bivalent at diplotehe was nearly 1 * 7 in both the species. Termina- 
lization of chiasmata was incomplete in both the species. There was increase 
in the coefficient of terminalization from diplotene to metaphase (Tables 
I and II and Fig. 1). Between diplotene and diakinesis stages there was 
very little reduction of the mean chiasmata per bivalent, whereas there 
was a definite reduction between diakinesis and metaphase. Differential 
contraction of chromosomes has been observed at diplotene in both the species, 
some bivalents having shortened and thickened more rapidly than others 
(Figs. 2 and 3). 

The first and second meiotic divisions have been found to be quite normal 
giving rise to normal tetrads andjpollen grains. 

Meiosis nsr the hybbid 

In the sterile F^ hybrid between the two species also, observations were 
made in the stages from dipoltene to metaphase. Just as in the case of the 
parents, six complete nuclei showing all the bivalent and univalent chromo- 
somes were selected for observations at each stage. The number of bivalents 
in a nucleus was seen to vary from five to nine, the average number per nucleus 
being nearly seven. The rest of the chromosomes remained as univalents 
(Figs. 5 and 6). The number of chiasmata in a bivalent varied from one to 
two only, the majority having only a single chiasma (Figs. 4 and 1). The 
mean chiasmata per bivalent at diplotene was, therefore, only 1-3 which 
was considerably less than that in the parents. This indicated that the affinity 
even among the pairing chromosomes in the hybrid was less than that in the 
parents. V — , X—, 0—, and d— shaped bilavents could be seen. Termina- 
lization of chiasmata in the bivalents was incomplete as in the parents (Fig. 1 
and Table III), but the reduction of the mean chiasmata per bivalent due 
to terminalization was gradual. The terminalization coefficients at the 
three stages were lower than those in the parents (Fig. 1 and Table III), 



Fic. 4. Diplotene stage in (?. arboreum Klx6r. StocJcsii Fj ( x 1000) 
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Fig. 5 . Moiotic metapLase stage in Fxa. 0 , Anapiiast* (iri<‘iolic) in ihn Itylirid 
the hybrid showing bivalents sfiowing an-^shapMl ehroniatie 

and univalents. (x 2100 ) thrf'uds ( :< lOtH)) 


In the large number of pollen mother cells no cojifigurations 

higher than bivalents could be seen. The numbers of l)ivaionts wcire de.ter- 
mined in 24 pollen mother cells which gave an av(;ragc of 7 * 13 per pollen mother 
cell. The details are given in the following table. 


Frequency of different conibinatums of chromosome cfnifHjin'nlions 



Chromosome configurations 

No. of different 
combinations 
found 

Univalents 

Bivalontrf 

1 

i 

10 

fi 

' 2 ’ ■ ■ " ' ■ i 

1 

1 ■ ^ 
|. 14 ■ ■■■ ! 

^ ■ 0 

1 ■ ■ 

i ^ 

12 

7 

I 

! 

10 

. S' 

5 

8 

9 


I Ko* of f»olIeii iitoilier 
^ eelk 


n 



Total of univalents 
Total of bivalente . 

Mean number of univalente 
Mean number of bivalents 


. 282 
. 171 
. 11*75 
. 7*13 


itt] :: :y ^ .Oittologigal mvmm ,Vt 

■; As is' tistial in many sterile interspecific hybrids, at iiietapliase,'the 'biva-. 
lents and the univalents were seen scattered about at random in the cytoplasm 
(Fig. 5). This irregular arrangement was due to the fact that all the chro- 
mosomes have not reached the equatorial plate and arranged themselves 
in the normal compact manner. Although most of the bivalents arranged 
themselves at the equatorial plate, very often a few of them were seen away 
from the plate, scattered about in the cytoplasm along with the univalents 
(Figs. 6 and 7). When the paired chromosomes began to separate and an 
? anaphase spindle was formed, the univalents were seen distributed at random 

I I on the spindle (Fig. 8). The fate of the univalents during this division was 

decided by their position in relation to the separating bivalents. Those 
situated far away from the equator moved with the daughter bivalents 
parsing to the nearest pole, while those situated in or near about the equatorial 
plate scattered in the cytoplasm, either in groups or singly, without undergoing 
any division at first metaphase (i.e. predivision). Such irregular movements 
of the univalents relative to those of the bivalents that divided gave rise to 
various kinds of abnormalities in the grouping of the chromosomes at the end 
of the first division. Besides the two main groups of chromosomes, those 
^ that were extruded from the daughter nuclei into the cytoplasm were generally 

’ seen scattered singly or in groups of varying numbers (Fig. 11). Occasionally^ 

however, certain pollen-mother-cells showed two distinct compact second 
metaphase plates (Fig. 12) with unequal numbers of chromosomes. 




Fia. 7. Anaphase (meotic) in the hybrid 
showing separating bivalents connected 
by chromatic threads. Notice the 
non -parallel chromatic threads. 
(XIOOO) 



Fig. 8. Anaphase (meotic) in the hybrid 
showing a regular spindle, 

(X2100) 
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Fig. 9, Pollen mother cells showing anaplmses 
of Division 1 in the hybrid. Notice the 
division of one of the poles 
into two. { X 1000) 


Bhcx iO. Pollen inothf*r ct^li of tl 
hybrid sliowing a iriprjfa!* sf>ind 
at Divi.sion I. 


oiother wlls of the hybrid showing second metapliase 



II]' 


GYTOLOGIGAL STUDIES IN Q08SYFIVM, T 


291 


The abnormal anaphase movements of the chromosomes mentioned above 
have been found to be associated with various irregularities of the first 
division spindle. In many pollen mother cells, although the univalents 
were scattered at random at anaphase, the spindle was straight and bipolar 
(Mg. 8) l&e the normal spindles of the parents. In most of the pollen mother 
cells, the separating daughter bivalents, although sufficiently far away from 
each other, appeared to be connected by slender chromatin threads (Mgs. 
6 and 7), The unwinding spirals of the chromatin threads, as a result of the 
pulling force could be clearly seen. The bivalents were evidently under a 
constant stress of the pulling force, which naturally caused pulling out of the 
non-separated parts of the chromatin threads. Some of the cells showed the 
chromatin threads connecting the separating bivalents, bent in the form of 
arcs (Fig. 6). The direction of the pull indicated the orientation of the spindle 
threads and showed that the spindle threads also were of the same arc-shape, 
as if both the poles were situated on the same side of the cell. Tripolar 
spindles were also observed in some pollen-mother-cells (Fig. 10). In others 
a division has been found to occur at one of the two poles (Fig. 9). This has 
given rise to three main second metaphase plates with a few chromosomes 
extruded into the cytoplasm either singly or in groups. 

As has been shown above, these abnormalities of the fii^st division left 
the chromosomes scattered in several groups or singly (Fig. 11), and each of 
these groups or solitary chromosomes formed a second metaphase plate. 
The number of such plates were seen to vary from two to six. The 
chromosomes of these second metaphase plates were either univalents, daugh- 
ter bivalents, or even undivided bivalents, which were all capable of division 
at this stage. The second division spindles were, therefore, seen to be normal 
(Fig. 13) in all the pollen-mother-cell examined. The second metaphase 
plates which contained a small number of chromosomes divided, giving rise 
to micronuclei and micropollen grains. Occasionally, a plate which contained 
only a single chromosome, remained undivided (Fig. 13) giving rise to a micro- 
poUen grain with a single diad chromosome. Thus it is seen that the pollen 
grains produced were without the normal complement of chromosomes. In a 
total of 194 pollen-mother-cells examined, the number of pollen grains pro- 
duced by a pollen-mother-cell have been found to vary from three to eleven. 



Fig. 13. a pollen mother cell of the hybrid showing second division spindles. See 


the solitary undivided diad chromosome, ( x 1250) 
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Games of sterility 

It is evident from the observations made that sterility in this hyl:>rid 
is due mainly to incomplete pairing of chromosomes at meiosis, as was observed 
by Skovsted [1935, 1937] in similar interspecific hybrid>s between these two 
species and other hybrids among Asiatic cottons. Such failure of pairing is 
generally caused by lack of homology of various degrees l>etween the chroino™ 
somes of the two species involved. Absence of homology in tlie {>r<‘sent 
instances may be attributed to loss of homology of the chromosomes of the 
two species as a result of geographical isolation for long periods and their 
consequent independent evolution, as suggested also by Bkovsted [1935, 
1937], The degree of incompatability brought about in the goiioms of the 
two species by such divergent evolutions was vividly shown by the al)normaI 
meiotic behaviour of the chromosomes in the hybrid. As mentioned above, 
these abnormalities have been found to be closely associated with irregulari- 
ties in the development of the spindle. According to Darlington and TlKumiB 
[1937], a normal spindle is developed by the coordinate action of two agents 
in the cell, one outside the nucleus and the other inside the nucleus and, 
therefore, a defective spindle may arise from‘ faults ’ in the ' mutual adjust- 
nient ’ of the two agents. The extra nuclear agents responsible for spindle 
development in plants, according to these authors, correspond in function 
to the centrosomes found in animals and some lower plants, but are of a 
different character in that they may ‘ be supposed to exist as diffused partietes 
which coalesce or congregate at the moment when spindle poles are normally 
formed’. On the other hand the internal agent is the coordinated ^mtion 
of the centromeres of the dividing chromosomes. ' It seems that to prevent 
the spindle stretching and bending it is necessary not only to have paired 
chromosomes, but also to have them there at the right time ’ [Darlington, 
1937]. Therefore, it follows that variations in the irregularities of the spin<lh*> 
may depend also on the varying numbers of paired ehromosomc^s presmit. 
It has been shown that in many of the pollen mother cells of thi^ proscud 
hybrid the spindle was straight and bipolar (Jfig. 8) like the normal spiiulh^s of 
the parents. It was quite likely that in such cells, the number of luvalenis wt^re 
proportionately high and the majority of them reached the equatorial regi<m 
in time, formed a regular plate and then separted more or less at the same 
time, thus controlling the development of the regular spindle. In cells where 
the number of paired chromosomes ready to divide were comparatively at a 
minimum, i.e. five or six, the spindle had a tendency to bend in the form of 
arcs (Fig. 6). This was perhaps due to lack of pairing or to ' the spindle 
developing too early in relation to the chrosomes ’ [Darlington, 1937]. Bucli 
bent spindles have been observed in many other organisms also e.g. DrosopMlM 
[Koller, 1934], iMpaUem [Smith, 1935], It was mentioned that in a large 
majority of the polen-mother-cells, at first anaphase, the separating bivalcmts, 
although sufficiently far away from each other, appeared to be still connected 
by chromatin threads. This non-^paration of the chromatin threads for 
a long time, in spite of the influence of the spindle on the anaphase movement 
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.spindle began its action in the process of division before the bivalents were 
ready to separa-tci, and that may have naturally caused pulling out of the non- 
separated parts of the chromatin threads. The formation of tripolar spindles 
was also among the abnormalities observed (Figs. 9 and 11). This may be 
attributed to the ‘ congregation or coalescence ’ of the pole determiniTig material 
: (external agent) in more than two regions, as shown by Darlington and Thomas 

r [1937] in a FeMnea-Lolium derivative. Even this' congregation or colales- 

i cence ' at a certain pole may sometimes be rather diffuse as was indicated by 

I the non-parallel spindle threads in certain pollen-mother-cells (Fig. 7). All 

i these irregularities of cell division at once indicate a probable fault in the 

f timing adjustment of the two agents responsible for spindle development, 

f Besides loss of homology between their chromosomes, each of the two parents 

I of this hybrid may have, by their divergent evolution, acquired different 

J characteristics and different timings in the various stages of cell division. 

; When they are brought together in hybridity naturally a certain amount of 

^ disagreement may occur in the timings, of the various stages of cell division 

J as indicated in the observations made. This kind of timing unbalance in the 

I movements of the chromosomes of the hybrid was observed even at the pro- 

^ phase stages. It has been mentioned already that in the parents themselves, 

there was a certain amount of differential condensation of the chromosomes 
f. at the diplotene stage and that such differences could not be observed at 

: diakinesis and later stages. In the hybrid, however, differential condensation 

of the chromosomes was very marked and persisted even up to the diakinesis 
I stage. It may be due to this timing unbalance among the chromosomes of 

the hybrid that some of the paired chromosomes at metaphase were not ready 
to come to the equatorial plate for division (Figs. 6 and 7), and it may be the 
same disharmony that enhanced the abnormalities of the spindle. 

Inter-relationship 

It has been shown that out of the 13 pairs of chromosomes of the two 
parents, G- arboreum-'K.l and (?. Stoclcsii Mast., only about seven pairs (i.o. 
nearly half) are homologous, while the other six chromosomes appear to be 
S non-homologous. Skovsted’s work [1937] has indicated that chromosome 

; homology of some degree exists in all the interspecific hybrids studied. This 

I' has led him to think that all the cottons concerned are of monophyletic origin. 

I From the point of view of chromosome homology he has further shown that 

G, SiocJcsii Mast, is less related to the Old World cottons than the other wild 
cottons, G. Sturtii F. M. and G, anomalum Wawra and Peyr. When hybrids 
between Old World cultivated cottons and the wild cottons, G. anomalum 
Wawra and Peyr. and G, Sturtii F. M., show bivalents varying from 9 *5 to 
11*85, the hybrids between (?. Stocksii Mast, and the Old World cultivated 
cottons show bivalents varying from only 3 • 2 to 7 • 05 [Skovsted, 1937]. More- 
over, the former set of hybrids show a few trivalents and quadrivalents, where- 
as the latter set do not seem to show any configurations higher than bivalents. 
In the present hybrid also the average number of bivalents per pollen-mother- 
‘ cell does not exceed 7*13, and there appears to be no evidence of any auto- 

syndesis taking place. These evidences seem to indicate a distinct difference 
between G. Stoclcsii and the other two Old World wild cottons in their 
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relationships with the Old World cultivated (cottons, lii this connexion 
special attention may be drawn to the fact that in all the h_\hii<lK of which 

0. Stocksii Mast, is one of the parents, on an averge, not more than about 
seven pairs of clironiosoiiies seem to be liomologoiis. It iiiuy, 
that the remaining (i.e. six pairs) chromosomes of tliis specj.'s. whidi do not 
pair with the chromosomes of the other OkHVorld cottons, might have oi'igin- 
ated from a source entirely different from tins souria; from which the convs- 
ponding set of chromosomes in the other Ohl WorifI cottons have arisen. 
Davie [1933] and Skovsted [1937], basing their evidence on seeomlary pairing 
of chromosomes, have suggested, that the 2(i chrotnosonK*s (tondil i(j!i oi the 
diploid cottons represent a secondary condition derived from a lower ancestral 
number. The morphological distinction betwemi tluf two paiis ol satcliifeti 
chromosomes of the somatic complements of these two speeies. pointed out 
by the author [Abraham 1940], also lend support to this vi<nv. If this is the 
real state of affairs, then it may be suggested, in viewv of tlu- <'vid(mcc from 
chromosome pairing given above, that tlic 20 chromosonu's eojiditions of 

G. Stocksii Mast, was derived, from a lower miniher of six or seven ehroniosomcs, 
by a method different from that by which the otiier species have derived 
it. Further cytological studies on the inter-relationships among Old World 
cottons might clear up this issue. 

SXIMMABY 

1. In the two cottons, G. arborewm, L. var. vi'tjh'rlttm Waf t, f(»nna indicu 

H. & G.— strain K1 and (?. Stocksii Mast., the first find second indotic divi- 
sions were found to be normal. 

2. The mean chiasmata per bivalent at dipiotene was nearly 1’7 in both. 

3. The reduction of the mean chiasmata per hivahmt due fo U-rminaliza- 
tion between dipiotene and diakinesis was slight (0-03 in nrhamim and nil in 
Stocksii), whereas there was a considerable rediietion between diakinesis 
and metaphase (0-08 in arboreum and 0*1U in Stocksii). 

4. In the hybrid chromosome pairing was incompleU*, the number of 
bivalents in a nucleus varying from five to nine with an avc-ruge of 7-13. 

6. The mean chiasmata per bivalent at dipiotene was only 1.3 and the 
reduction of the mean chiasmata per hivakmt diu; to tenninalization was 
gradual. 

6. The anaphase movements of the chromosomes and the dfivelopnient 
of the first division spindle in the hybrid were found to Ik* highly irregular. 

7. Besides normal spindles, tripolar and bent spindles hav«* iK-cn olrserved. 

8. Sterility in the hybrid is found to l:>e the result of the irregulfiritie.s of 
cell division, caused by incomplete pairing of chrom<xsomes at mcirjsi.x. 

9. It is likely that irregularities in cell division may 1«« cause*! also by 
differences in the timings of the various stages of cell division a<?quiretl by the 
parent species as a result of their divergent evolution. 

10. In all crosses between G. Stocksii Mast, and other Old Wfwid cottons 
so far examined, not more than about seven chromosomes of the two species 
were found to be homologous. This suggests that the remaining six chromo- 
somes of G. Stocksii Mast, have had an origin entirely different from that of 
the corresponding set in other Old World cottons. 
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Appendix 
Table I 

Summary of observations of chiasma behaviour 

G, arboreum — K1 ■ 



Diplotene 

Diakinesis 

Metaphase 

] Nos, of ckiasmata 

Total . . . ‘ . . 

1 

130 

128 

122 

Interstitial . . . . . 

29 

19 

15 

Terminal . . . 

101 

109 

107 

Terminalization coeftieient * 

0*777 

0*825 

0^877 
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Table ■ I — conkl 


'Diplofceiie .Biakiiiesis Metaphtee 


la Non. of chiasmaia per bivalent 


Interstitial 


Terminal 


2 Nos, of bivalents with 


l-chiasma 


2-chiafiiwif.ta 


3-chiasmata 


3 Tenninalizaiion coefficient 


l-chiasma 


2-chiasmata 


3-chiwtoata 


lllj 
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AppBnfty|rr.«o»j<d, 

Tabt.i II 

Summary of oh&arvutions of chkmna behaviour 
0. SiodkHi 


m 


J>iplotene 


I Nm, of chimmata 

Total ; . , , 

Interstitial . 

Terminal . . 

Termipalization coefficient 


la Nos, of chiasmata per bivalent 
Total . . , . 

Interstitial 
Terminal 


2 Nos, of bivalents with 

1- ehiasma 

2 - chiasmata 
S-chiasmata 


per cent 
per cent 
per cent 


132 

33 

99 

0-750 


1-69 

0*42 

1*27 


31 


40 


39-7 


51-3 


9-0 


3 Termmilization coefficient 

1- chiasma 

2 - chiasmata 


0*613 

0*803 

0*524 


Biakinesis 


Metaphase 


132 
24 : ^ . 

108 

0-818 


12# 

23 

101 

0*815 


1*69 

0- 31 

1- 38 


28 


40 


35-9 


59-0 


5*2 


0-714 

0-870 

0*667 


1*59 

0- 29 

1- 30 


32 


40 


41*0 


59-0 


0-656 

^0-869 


3-ehiasnmta 



THE INDIAN JOURNAL OF AGRK'Ul/rURAL SCIENCE 


Appendix-TTCOM/«i 


Table III 


Summary of observations of chiasma behaviour 
0. arboreum — K1 X 0- 8tocksii—-Fi 


Terminal 


Terminalizatiori coefficient 


la Nos. of chiasmata per bivalent 


Interstitial 


Terminal 


2 No. of bivalents with 


1 -ehiasrna 


per cent 


2 -chiasmata 


3'Chiasmatii; 


per cent 


3 Tertninalization coefficient with 
^ 1 -chiasma 


2 -chiasmata 


: Diploterie 

■ ■ . : 1 

i Diakinesis 

1 j\lotaphaso 

1 Nos. of chiasmata 

I 

■ 1 



Total . 

. * . . i 52 1 

51 

50 

Interstitial 


111 

17 


3 -chiasmata 


MORPHOLOGY OF THE SOMATIC CHROMOSOMES 
OF THREE ASIATIC COTTONS 

. BY 

P. ABRAHAM, B.A., M.So. 

Agricultural Mmearch Instit-ide, Coimbatore 
(Received for publiea.tion on 21 June 1939) 

(With three text-figures) 

T he morphology of the somatic chromosomes of the three Asiatic cottons, 
0. Stocksii Mast,, 0. arboreum L. var. neglectum forma indica H. & G. 
(strain Kl) and 0. herbaceum L. v&r. frutescens Delile (strain 2919) was studied 
in detail. Root-tips of germinating seeds were fixed in a number of fixatives 
of which Navashin’s fluid was found most satisfactory. The slides were stained 
in Newton’s Gentian violet and Haidenhain’s haematoxylin. Both stains 
gave good results with the above fixing fluid. The lengths of the chromosomes 
in five metaphase plates have been measured in each .species, from root-tips 
which were fixed the same day and have been given the same treatment. 
Care was taken to see that the metaphase plates selected for measurement 
were from approximately analogous portions of the roots and that in all these 
plates the chromosomes were well spread out with as few bends and curves 
in the individual chromosomes as possible. The lengths of chromosomes were 
measured vath the aid of an eye-piece micrometer which was adjusted to small 
lengths so as to enable the bends in the chromosomes to be followed easily. 
The lengths were then converted into microns. Correction for for-shortening 
was not done because, as mentioned above, care was taken to see that 
the metaphass plates selected did not manifest much for-shortening of chromo- 
somes. Table I gives the chromosome size frequencies in a single metaphase 
plate of each oi the three species. For the sake of convenience chromosomes 
showing approximately the same length in each species have been grouped 
together in this table. 

Table I 

Chromosomes size frequencies of the three species 



Lengtli variations in microns 

Total 

Specie's 

1 

2-2 2-5 

■ 1 

2-8 

3-0 3*3 

No. of 
[ chromo- 

1 3*6 sornes 

CL Stocksii 

6 .10 

0 

'-,4 : 

j . . 26 

CL arhorcMra, Kl 

0 10 

' 8 

■:2' 

. . 26 

(L herbaceunu 2919 , 

2 

i _ ■■ ■ 

8 


2 26 
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The differences between the cliromosome lengths of the three 
have been statistically analysed and the results are given in Table II . 


Table II 


Analysis of variance of the chfomosmne lengths of the three species 


0 , herhaceAim 


CL arborenm 


Conclusion: — G, herbacenm sfocksv — (L (trhonntm 

The following concliision.s regarding chrotnosonie inorpiu 
recorded : 


Chromosome 


(rt) ihe three specie.s studied .showed a gradalion in tlu' lengths of the 
chromo.somes (figs, la-36) from the shortest to the longest as wa.s also observed 
by SkovBted [1934] in 0. arf>oreiim L. :u2pr) and Arutjnnovu |I93tn 

in Q. herhaeeum L. and Q. hirsulum L. Baranov [1930] also ob.sei-veil dilh-nniees 
in size of the respective arms of the chromosome.s and of the satellites. 

(6) The two species 0. arboreum L. and 0. modcsii Mast, have iieen fomi.i 
to have the same range in the lengths of their ehrojnosonie.s. whieh is about 2-2 
microns to 3 mieroas whereas in 0. herhaceinn L., the range is from g-b to 3*0 
microns, thus revealing a distinct increase in lengths of ail the ehroniosoine-, 
of 0. herbaceum L. (Table I). The variations in the total length of ehroniosomes 
between the three species may bo noted from Table 11. 

(c) There is distinct variation in the thickne.ss of the chr<mio.som(‘.s amon-r 
the three species, although under identical fixation and tn atment. the ehronim 
somes of each species have been found to show uniform thickm^ss {Figs 
The chromosomes of Q. Btoclmi Mast, are the thinne.st, whik* t.hf)s(‘ <')f (i. he'riui- 
thickest, 0. arboreum, L. occupying an intermediate position 
The differences in thickness indicate differences in volume. Tfiese variations 

in size from species to species may be considereil to lie genetic characters of the 
spejea, to 



No. of i 

1 

Averai* 

i 

ce 1 

! ' 

i Wh.rI.ei* 

1 

I.'riticai 

Kame of the species ' 

i 

plates i 
exa.iriined | 

■ '! 

lengtl] 

per 

plate 

i Error 

ppr 

! 

.T imi 
was ; 

satisfied j 

(iiffen'iHfe. 
(/’ 0-Of>) 
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Chromosome mobi’hology 
1. In aU of the three species examined, two paii-s 

_ . . . I 1 I 


c i I roni DHoi nes were 

found to have satellites as was .observed by Skovslcri j in these 

three species and Arntjiinova [1936] in G. herbaceim h. 


2. AUachmeni constrkikm^s-- 


{a) The two pairs of chromosoiiies with sateliitt-^ in all Hie thi'ce sikkucs 
a,pp 0 ar to be naorphologically distinct in that one pair lias median aitaelnnent 
constriction whereas the other pair has snlemedian atltiehnumt consiiiction 

at the satellite end. *11 

( 6 ) Of the rest of the chromosomes in each ut the three species, two pairs 

have their attachment constrictions situated nearly a third of th<i lengtli from 
one end. In 0. Stocksii Mast, and G. abroream L., thes(^ two pairs are among 
the medium-sized ones whereas in G. litrbactiun one of these tw<i pairs is 
found to be one of the longest (Figs, la— 3 /j). 

(c) All the other chromosomes have murt^ or less median attachment con- 
strictions. ^ 

According to Skovsted [1934], half of the chreinosume^ oi the AriHTican 
cottons ( 2 ^ 1 = 62 ) are small and the other half long<a\ the latter being ia)mparable 
in size to the chromosomes of Asiatic cottons (tn - 2rd- tlu^ former to f Imse 
of American wild species (2?a.= 26), This led him to the eonelusioii that the 
American cottons {2n=o2) originated from a cross hcTween an Asiatic cotton 
and an American wild cotton ( 2 ri — 26). lie lurther states [tikovslcdi, 1 1111] 
that no difference in size and other features could in’ observed Ixdween tin* 
somatic chromosomes of the Asiatic cottons, (L SiorksH ifastu. (L ri/wmiw 1 4 . 
md G. herbaceum L. -In the present mvestigatioii I have obhcrvecl distinct 
differences in the size and other morphological featun^s. These studies indicate 
the need for a re-examination of the prolilein i*iiatiiig to (chromosome size and 
morphology in the different species of cotton and their hybrids. 


Aokkowlebobmintb 

This investigation was part of the work done liy me as a, reM^aiHii Ncholar 
of the Indian Central Cott(m Committee imder tlie guidance (d* J)r hi K. danaki 
Amni M.A., D.Sc., Genettieist, Imperial Sugarcane .Bnixling Station, Coim- 
batore. 
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ON THE NATURE OF THE REACTIONS RESPONSIBLE 
I FOR SOIL ACIDITY 

VI. THE VARIABILITY OF THE TOTAL NEUTRALIZABLE ACID OF 
- COLLOIDAL SOLUTIONS OF HYDROGEN CLAYS* 

■ ■ ■ BY 

R. P. MITRA, D.So.** 

f 

j AND 

I ' S. N. BAGCHI, ALSO.- 

I Physical Ghemistry Laboratory, University College of Science and Technology, 

I Calcutta 

I (Beceived for publication on 12 September 1939) 

t (With seven text-figures) 

IN part V of this series [Mitra, 1936] experimental results have been 
, Igiven showing the indefinite character of the total neutralizable acid 

i of a hydrogen clay sol calculated from its titration curves. Using different 

» bases, the titration curves gave different values of the total acid measured at a 

f fixed fR. In this paper, the variations of the total acid have been studied in 

I greater detail. The total acid has been estimated on titration in presence and 

r absence of neutral salts. Diffierent concentrations of salts have been used and 

j the titrations carried out with different bases. The total acids of the corres- 

; ponding ultrafiltrates and leachates have also been measured. 

\ Such investigations have a twofold interest. They are likely, first, to 

f elucidate the electrochemical behaviour of hydrogen clay sols as colloidal acid 

>' systems and secondly, to bring out the factors affecting the total amount of acid 

which enters into the reaction between a soil and an added base, that is, the 
factors which affect the base binding capacity and the lime requirement of soil, 
i These quantities are rather illdefined [Hissink, 1935], concordant results being 

seldom obtained by alternative routine methods [Crowther and Martin, 1925 ] 

A knowledge of the factors responsible for the variations is thus nece.ssary. 

One of the objects of this investigation has been the elucidation of these factors. 

Expertoental 

The method of preparing coUoidal solutions of hydrogen clays, the techni- 
que of potentiometric and conductometric titrations and the various appara- 
tus used in this work have been described in the previous paper of this series 

♦The results given, in this paper have been taken from the published annual reports 
, for 1935-30 ami 1930-37 on the working of a ‘ Scheme of Research into the Properties of 

Colloid Soil Constituents’ financed by the Imperial Council of Agricultural Research, 
India and directed by Professor J. N. Mukherjee. The authors’ thanks are due to the 
University of Calcutta for permission to work in the Physical Chemistry Laboratories of 
the University and for other facilities. 

^♦Senior Assistant SoO Chemist under the above scheme, 
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[Mitra, 1936]. The soils* from which the hydrogen clays used in this work 
were prepared are listed below together with the available information 
regarding them. 

1. Suri (Bengal) Farm Soil. Agricultural Chemist’s e.vperimental plot. 

Block A 1—16, plot Nos. 3, 5, 16. No manure. Collected 

from a depth of 6 -in. — 12-in. 

2. Burdwan (Bengal) Farm Soil. Block B, plot No. 40. Standing 

crop — ^Kalai ; .surface soil collected from a depth of 0-in. — 6-in. 

3. Soil from Government Seed Farm, Kalyanpore (U. P.); a brown 

loam ; surface soil included in the ‘ Doab 

4. Black Cotton Soil from Satara Dt. (Bombay Province) ; surface soil, 

calcium saturated and neutral. 

5. Black Soil from Bilaspur near Raipur (Central Provinces) ; surface 

soil, neutral. 

6l Red laterite soil from Dacca (Bengal) Farm collected from a depth 

of 0-in. — 6-in. 

Aqueous suspensions of hydrogen clays prepared from the clay fractions of 
the first three soils were centrifuged to obtain .stable .sols, E, F and H respec- 
tively. Sols I, K and L were prepared from hydrogen clays obtained, respec- 
tively, from the entire clay fractions of the remaining three soils. 

Results 


A. Total acidities of colloidal solutions of hydrogen clays obtained 

ON TITRATION WITH DIFFERENT STRONG BASES 

Figs. 1, 2 and 3 show the titration curves of .sols E, H and L obtained on 
titration with different bases. 


C*(OHJrCor>4 


n.e. pe* »ooQ Collofcl 


Fro. 1. Sol E 

♦Soils Nos. 1, 2 and 6 were obtained through the courtesy of the Agricultural Ohembt 
fco the Government of Bengal. Soils Nos. 3, i and 5 wore kindly supplied by the Superin- 
tendent, Government Seed Farm, Gawnpore and the Agricultural Chemists to the Govern* 
ments of Bombay and C. respectively. 
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In agreement with previous observations | Mitra, 1036] the tit rat ion curves^'' 
show definite iiiftection points and minima. The total actfls of the sc^Is (‘ahai- 
lated from the titration curves at the first inficction point and the minimum 
as also at 7 vO are given below. 

TABW5' I 

ToM acid in m.e. base per 100 colloid ioven-dried} 



Sol 

Base used for titration 

r 

■ 

1 . . 

At Erst inflection 
point of titration 
curve 

1 

} 

Al //.H. 7'» 

At jninimmn 
<*oiHluetomei ric 
eurv<‘ 

V,'. 

■E- ■■ 

Ba(OH)a . ■ 

Ca{OH)3. . . . 

20-6 

21-5 

25 -0 
2<b2 

19 ‘6 

IS-O 



NaOH . . . 

2*2 

15* 1- 

2*5 


H 

Ba (0H)2 

■ 21 -f) 

32*0 

n.d.*' ■ 



Ca(OH)2 . . . 

21-5 

32-8 

,ri.d. 



NaOH . . . . 


10 ‘7 

«. d. ■ 


L 

Ba(OH)2 . . . 

17*5 

17-0 

■ ri. rb 



Ca(OH)2. . . 

19 *0 

10*5 

11. d. 


* Not determined. 

The total acidity of soils E and H at the iHfie<*tioi! ihmih . nr, ! he minimum 
of the conductometric titration curve is less than that at /d 1 7*0. This is to 
be expected as the inflection points and the minima o<'cu!‘ in the avid region. 

The total acidities at the inflection i)oint and at pH 7*o which n‘aet with 
different bases are in the order Ca(OH) 2 > Ba(OH) 2 >* XaOH. Calcium 
hydroxide appears to have a somewhat grealer eflecd than !)aryta. The rela* 
tive effects of these two bases have been more fully dealt with later. 

B. Effect of addition of neuteal salts on rim total ACioiTY ay hydro- 

. . ■ 0EN CLAY. SOLS ■ 

The nature of the titration curve of a hy<lrogen clay ml \Mdh a given liase 
as also the total acidity calculated from the curve have been observed in this 
work to be modified to a marked extent when the titration is carried out in the 
presence of a neutral salt. This ‘ neutral salt effeid ^ has hwn stmlied in some 
detail. For this purpose, the total acidities of (/) the sols, (//) the sol salt 
mixtures, (Hi) the clear supernatant liquids al)()ve thecoagifla of these mixtures 
aini (iv) the neutral salt extracts obtained on repeatedly leaching tJm sols 
with solutions of the salts have been estimated. Ditfercnt bases and difTerent 
neutral salts have been used. 

*x\ detailed discussion of the features of the curves has not been enteuxi into in this 
paper. This will be done in the concluding paper of tiiis -series to sliortly eommunh 
cated for publication in this journal. 

**The titration curves do not show a second inflection up to the pH to wlucli the 
titration had been extended. It might be observeil at higlier alkaline regions where 
however, a ‘ break-down ’ of the exchange complex might occur. Evkhmev of a complete 
break-down of the H-clay froin a latent ic soil has been obtained at pH 13 • o though no 
2nd mnoction was observed on titration to this pH. Further work on this point ' is in 
progress. ^ 




iii] 


REACTIONS RESPONSIBLE j?OR SOIL ACIDIT^Y VI 

(a) Total acids in presence and absence of salts having the same cations as the 


The following results were obtained with sols E, F, H and L. 

Table II 


Sol 

BaHC used for 
titration 

Ta* 

1 ' ■ , ■ 

Ta'* 

Salt added 
and cone, of 
salt 

Ts* 

Ts'* 

Ts/Ta . 

. Ts'/Ta' 

** 

pB.(a) 

** 

3 ?B[ (a) 


I^a(OH)2 
ea(OH)a 
moM : 

20-6 

21*5 

2-2 

26-0 
26*2 
15 -4 

O'liVBaCla 
O-liVreaCls . 
O-IJV^KtCI . 

28*0 

21*2 

16*1 

>42*4 

40*6 

26*4 

1*31 

0*97 

7*30 

>1*67 

1*57 

1*71 

6*0 
■ 5*8 

'5-4 

4*"v 

■ 4 
■5*v 


Ba(OH)8 

. NaOM , : 

31 '0 
9-8 

39-4 

32-0 

O-li^BaClj 
O-lJVKaOl . 

38*4 

27*0 

64*1 

56*0 

1*24 
2*70 1 

1*63 

1*75 

6*2 

5-0 

i ■■ 

■6*2 

1. 4*8, 

H 

Ba(OH)a . i 

Ca(OH)s . ' 

NaOH . . i 

21-5 

21-5 

32*0 

32*8 

10*7 

0 *83iV^ BaClj 
0*83JS^ CaOlj, 
0*83i^NaCl. 

30*5 

29*3 

22*5 

50*0 

47*0 

40*0 

i‘42 

1*36 

1*56 

1*43 

3*8 

5*8 

6*6 

. 4*8 
5*0 
4*8 

L 

Ba(OH)s 

Ca<OH)s 

17-60 

19-0 

17*0 

19*5 

I'OJVBaCl. 
l-OA^ CaCia . 

32*0 

30*0 

40* 5 
32*5 

1*82 

1*58 

2*31 

1*66 

7*1 

6*6 

5*4 

6*1 


*Ta and Ta' denote the total acidities in na. e. base per 100 gm. of colloid in absence 
of salt calculated respectively from the first inflection point of the potentiometrie titration 


ciiive and Irom the amount ot the base which had to be added to make the vB. of the 
sol 7 *0* TPs "t. 


Ts and Ts' denote the corresponding total acidities in presence of salt 
^ **pH(s) and pH(a) denote the pH at the first inflection point in the titration curve 
obtained on titration m presence and absence of salt respectively. 


Figs. 3, 4, 5 and 6 show the titration curves from which the total acidities 
given in table II have been calculated. 



ASol-NaOH. 

0 

0 Scrf-CalOHlj 
A (So)+'m N^^cd-NiOH 
A CSdt*lNBaclJ-B»COH), 
b (So{*'mc»d;)"CA(o% 


Cdlotd 



lllilil 
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A Sol - NaOH. 

OSol ~ BaCOHX 
Usouo-imM) mon 
6 (SoltO- lH~BacXj -Ba(0K)» 

0 Sup . 1 i<|pf { Saif 0 ' IH-liacl l-!iaOH 
A Sup, 1 iq.of { Sol^ 0 * IS- Ba(OH | 


M.e "base per lOOg Colloid 


« 5 eJ - 

oSol-CftW, 

A<So}t 'S-jN N8,ti) H&OH 
d<5oh'8^N'Bwfy-8♦^0H^ 


Cofioicf 
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The results show tha,t a considerably larger value of the total afeid calculat- 
ed at the inflection point of the titration curve is obtained When the sol is titrat- 
ed in the presence of a salt than when titrated alone. In making this compa- 
rison, the pH at which the total acids are measured is an important factor for, 
as the titration curves show/increasing amounts of the acid react with the base 
as the pH rises. The inflection point in the titration curve of a sol 4-salt 
mixture occurs at a lower pH than the inflection point in the titration curve of 
the sol itself (Table II). It is significant that even then a larger value of the 
total acid (calculated at the inflection point) is obtained on titration in the 
presence of the salt than in its absence. The cations of the salt present in large 
numbers thus have an unmistakable effect on the total amount of the acid 
reacting with the base. This cation effect is as important a factor in determin- 
ing the total acid as the pH at which it is measured. It is strikingly brought 
out on comparing the total acids of the sol (Ta') and the sal + salt mixture 
(Ts') at the same pH, e.g. pH 7 • 0. Ts' is always greater than Ta'. 

Table II shows a slightly lower value of the total acid (at the inflection 
point) of sol E when it is titrated with Ca (OH )2 in presence of 0-1 N CaClg 
than when titrated alone. The difference is only ±1*5 per cent and lies within 
the limits of experimental error. The failure to obtain a larger total acid in the 
presence of the salt arises mainly from the fact that the inflection point in the 
titration curve occurs at a much lower pH when the sol is titrated with the salt 
than when the sol alone is used. Measured at pH 7-0, the sol 4- CaClg 
mixture shows a much larger total acid than the sol itself indicating a distinct 
cation effect. 

Titration with caustic soda in the presence of NaCl. shows the highest 
relative increase (highest value for Ts/Ta) in the total acid calculated at the 
first inflection point. This signifies that at the inflexion point caustic soda 
neutralizes only a small fraction of the H+ ions associated with the colloidal 
particles. It neutralizes them after they have been exchanged for the cations 
of the salt. 

A reference to Table II will further show that the total acid (both at the 
first inflection point and at pH 7 * 0) reacting with different bases in the presence 
of the corresponding salts at the same concentration follows the order : 
Ba(OH) 2 > Ca(OH) 2 > NaOH. The order of total acidities, however, 
changes to Ca(OH) 2 > Ba(OH) 2 > NaOH when the sols alone are titrated. 

The following results illustrate the dependence of the total acid on the 
concentration of the added salt. 


Table III 


Sol 

Base used for titration 

Salt ! 
added j 

Cone, of 1 
salt 1 

Ta* 

‘ ■ ■ "4 

Ta'* 

. ' . i 

Ts* 

Ts'* 

Ts/Ta 

Ts'/Ta' 

E- 

XaOH 


. 

mci 

0*01xT . ! 

' c 

■ i 

2-2 1 

1,5-4 

16-4 

19-5 

7-45 

1*27 


XaOH . 



, NaCl . * 

0-1 A' . 1 

2-2 j- 

15-4 

IG-i 

26*4 

7*30 

1*71 


Ba(OH)a 



BaCla . ' 

O-OLY , i 

20*0 ! 

2.5-0 

20-8 

25-5 

1-00 

1*02 


Ba (OH)s 



BaCla . 

0-l.Y , 1 

20-6 : 

25-0 

28-0 

>42*4 

1*31 

1*67 

H 

Ba(OH)s 



' BaClr ' 1 

0-05i^ . 1 

: 21*5 1 

32-0 

25-0 

38*0 

1*16 

1*19. 


: Ba{OH)a 



■BaCL 

o-asA . ! 

1 21 *,5 

32-0 

. 27*0 

44*0 

1*26 

1*37 


; Ba(OH)a 



BaCls . 

0-S3V . 

j 21*5 1 

32-0 

30-5 

i 

50-0 

1-42 

1*56 


*Ta. Ta', Ts and Ts' have the sajnc significance as indicated before. 
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■ Fig. 7 sliows-the titration curves of sol H and sol 11 + BaOl^ inlxtiires from 
which their total acids given in table III have been caleiilatecL 



0 Soi 

feSoi ^0-©5 N*-BimcL 






M.e. f tr C®JloSd — — 

Fia. 7, Sol H 

Beginning with the titration curve of the sol at the extreme left a lateral 
displacement of the curves of the sol + salt mixtures towards the right is 
observed as the concentration of the salt in the unxtnro iiutreases indit’aritig a 
gradual increase'in the total acidity with the coneontratioir of the salt in the 
mixture. 


■1 




(6) The total acidities of {i) the sol, (ii) the sol + salt mixture ami {iU) the dear 
supernatant liquid above the coagvhm of the. sol 4- suit mixture 


In Fig. 


' are given the titration curves of (i) sol F, (u‘) mixtures of sol li 


and salts (0-lN) and (Hi) the clear sujjcrnatant liquids above the 
these mixtures. 


liigula of 


... The inflection points in the titration curves of (iu) are sharjK'r i ban t hose of 
(r) and (ii) which signifies that a strong acid is being neutralized in (///). 
titration curves of (Hi), however, show a slight initial rise followed i>v a small 
region of stronger buffering before the sharp inflection is observed. The 
initial rise would not be expected if only hydrochloric acid formed bv the 
interaction of the hydrogen clay and the neutral salt were being titrated in 
(iu). It would be expected if (in) also contained some ‘ displaced ’ ahmimum 
tons. In the next papr of this series it has been shown that using a sufficiently 
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low concentration of tlie salt, preferably that of an alkali metal cation the 
titration curve of {in) has a truly strong acid character, the above initial rise 
not being m evidence. Also, actual analysis has shown that under these condi- 
tions (w) contains practically no Al'*' ++ ions.* 

The total acidities calculated from the titration curves given in fie S are 
shown in the following table. . ' 


Table IV 


1' System 

Total acid in m. e. Ba (OH)* 
per 100 gm. of colloid 

I ■ : ^ '■ 

f ■ ' ' 

At first infiec- 
tion point 

At pH 7-0 

! (i) SolF . , . . . . . ^ 

i 

31-0 

39-4 

1 (ii) Sol F + BaClg mixture . . . . , 

38-4 

64-1 

1 (iii) Supernatant liquid of (ii) . , . 

. . 

30-9 


The total acidities are in the order {ii) > (i) > {Hi). The difference be- 
I tween the total acids of {ii) and {Hi) signifies that at the concentration used, 

j ■ the salt does not displace all the hydrogen ions associated with the colloidal 

I particles into the intermicellary liq^uid of the sol and that a part of the hydrogen 

ions brought into a reactive condition by the neutral salt still remains associated 
with the colloidal particles and these are capable of reacting with the base. 

(c) TU total acidity of (i) the sol, (ii) the sol salt mixture arid (Hi) the neutral 
/ by '^^p^tedly leachirig the sol with the salt solution. 



Leaching with neutral salts is often resorted to in the estimation of the 
lime requirement of soil by the titration of the salt extract [Hopkins, 1903 ; 
Daikuhara, 1914 ; Gedroiz, 1924]. It has been shown above that the addition 
of the salt to the sol does not displace into the intermicellary liquid aU the H+ 
ions which are brought into a reactive, that is, neutralizable condition and 
which can, therefore, be estimated only by titrating the sol + salt mixture 
in situ. It was thus of interest to compare the amount of acid displaced by 
repeated leaching of the sol with the salt solution. This has been done with 
sol H. The solution with which the sol was leached had^he same concentration 
(0*83iV^) as obtained in the sol -i- salt mixture. The following results were 
obtained. ■ : ' ' , 

*The subject is being systematically studied by Mr. B. Chatterjee in this laboratory,. 


;i / , mm 
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Tabm V 


fi 1^' M : 


'f A*- 

S'/*’ t ^ ?\tya viAaftiMM» ¥ ,' 











Totied acid m ta* e. base per 100 gm. 
colloid ttsing '' 



System 

Ba(OH)3 

and BaOI| 

'NaOH and NaC l 


At first 
infiection 
pt. 

At pH 
7*0 

At first i 

iafl,6Ctioa f 
l>t. 1 

i 

AtpH , ■ 
7'*0' 

Sol . , . . . . 

21-5 

32-0 

1 

* 1* 1 

10*7 

Sol “1- Sflilt , • • * • 

30-5 

50-0 

22*5 

1 

40*0 

1st 100 c.c. of leachate 


17*0 


15*0 

2nd 100 0 . c. of leachate 


3*0 

[ 

2*0 

3rd 100 c.c. of leachate . . . 

•• 

1*2 

i 

1*8 


In agreement with the results given in Table II the total acidity of the 
sol + salt mixture is greater than that of the sol alone. The sum of the total 
acidities of the three leachates, however, is less than the total acidity of the 
sol + salt mixture. Of the three leachates, the total acidity of the first is the 
highest, then there is a sudden drop, the total acid of the third leachate being 
almost negligible. Thus treatment of the hydrogen clay sol with the salt 
solution, to the extent that practically no further acid comes out in the leachate, 
does not displace from the colloidal particles of the sol aE the acid which can 
react with the base in presence of the salt. The salt and the base when they 
can react together liberate the greatest amount of acid under the conditions 
compared. Of this amount a pwt is liberated inio the iiUemiiceUary liquid and 
another part remains associated with the coUoidal particles. 

Table V shows that when leached with barium chloride a greater amount 
of colloid-free acid is obtained in the extract than with sodium chloride using 
equal concentrations. This is in agreement with the greater total acidity 
(previously observed) of the sol -f- salt mixture obtained on titration with 
Ba(OH)j than bTaOH in presence of BaClj and NaCl respectively. 

0. The RBiLATIVB BTOEOTS OE Ba+ + AND Ca+ + IONS IN THE INTKBAOTION8 OF 
THBIB SAWS AND BASES WITH HVDBOOBN CSOAYS 

The results given in the preceding sections show that in the interactions of 
hydrogen clays with bases both in the presence and absence of neutral salts a 
definite cation effect exists. In the interactions in presence of salts the relative 
effects of the cations agree with the lyotrope series and Ba+ + has an unmis- 
tatobly greater effect than Ca++. Previous work from this laboratory 
pUtra, 1936] shows that the H+ ion activity of a hydrogen clay sol shows 
oharaoteiistic variations on progressive additions of a neutral salt and the 
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“ “f™”" ■*“ aebofaope 

M°™g resuL 

Table VI 


Sol 


H 


Cone, of the added 
salt X low 


K 


W 


1*6 

30 

40-6 


1*0 

5-0 

45-0 


1-5 

6*8 

60-5 


1-20 

9-00 

42-00 


1-20 

9-00 

42*00 


Lowering of 


With Bad - 


WithCaCL 


0*48 

0*51 

0*87 


0*67 

•82 

1*09 


0 * 6 d 

•84 

1*14 


0*65 

*95 

1*19 


0*68 

•88 

M2 


0*46 

0*49 

•77 


0*65 

•73 

1 * 0 ? 


0*60 

•81 

1-02 


Q$l 

•90 

1-12 


0-61 

•81 

1*00 


Hydrogen clays I and K were obtained from the same soils as bydrocen 
clays I and K witb the difference that the colloidal materials of these s^ls were 
treaty according to the method of Drosdoff and Tmog [1935] to remove their 
?L"dK^’ converting them into hydrogS Xys 

Table VI shows that barium chloride lowers the jiH of the sol to a greater 
extent th^ chloride at the same concentration. The difference in the 

relative effecte of the two ions persists even after removal of free siUea and 

sesquioxides from the hydrogen clay as the results obtain^ with sols I' and K' 
§how. ' . " •-■■■■ 
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Reference has already been made to the fact that calcium hydroxide reacts 
more strongly than baryta with a hydrogen clay sol to which no salt has been 
added indicating a greater relative effect of 0a++ than Ba+'*' ions under 
these conditions. This is further illustrated by the following results. 

Table VH 


Caldum hydroxide reacts with the sol more strongly than baryta even 
beyond the neutral point (at jpH 9- 0). This difference in the relative effects of 
Ba++ and Ca++ ions in the interactions of their salts and bases with hydrogen 
clays illustrates two dijfereni types of cation effect discussed in the next section. 

D. The bole oe the electrical double laybb and op the secondaey 

ADSOBPnoN OF CATIONS IN DETERMINING THE TOTAL NETJTBALIZABLB 

AOID OF A HYDBOOEN CLAY SOL 

The results previously given bring out the variable character of the total 
neutralizable acid of a hydrogen clay sol. The total acid is a function ( 1 ) of the 
joH at which it is measured and (2) of ‘ cation effects’. The cation effect finds 
expression in the different total acids, measured at the samejpH, obtained on 
titration with different bases as also in the considerably larger total acid 
obtained on titrating the sol in the presence of a neutral salt than on titrating 
it alone. Such variations in the total acid are not possible for any truly dis- 
solved acid. 

The theory of the electrical double layer postulating the existence of pri- 
marily adsorbed ions associated with the colloidal particles of the sol and of a 
secondary adsorption of cations by them [Mukherjee, 1921, 1922] affords a 
satisfactory basis for an interpretation of the cation effects and the variatiopg 


Sol 

Base used for 
titration 

jsH at in- 
flection 
point 

Total acid in m,. e. base per 
' 100 gm.of colloid 

At in- 
flection 
point. 

At pB. 
7-0 

At pH 

9*0 

H 

Ba(OH)2 . . . 

5-80 

21*5 

32*0 



Ca(OH)s .... 

6*60 

21*5 

32*8 

... ■ 

I 

Ba{OH)j .... 

7*00 

82-0 

82-0 

101-5 


Ca(OH)s . . . . 

6*96 

9i*0 

97-0 

122*0 

I' 

Ba(OH), . . . . 

7-60 

§!*0 

i 85*0 

106*0 


Ca(OH), . . 


86*0 ; 

j §1*0 

, 114*0 

K 

Ba(OH), . . . 

5*80 

55*0 : 

61*0 

, 81*0 


Ca(OH )2 . . . 

5*20 

58*0 

67*0 

. 86*0 

K' 

Ba(OH), . . . . 

5*75 

56*0 

62*0 

■ 75*5 


Ca(OH), . . . 

5*78 

63*0 

1 

68-5 

81*6 


Ill] 
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of the total acid.**® According to the theory, H+ ions corresponding to the 
primarily adsorbed anions which are assumed to betbuilt in ’ on the solid side 
of the solid-liquid interface may exist in two states, viz. (1) in a secondarily 
adsorbed condition either by simple electrostatic forces, or, by specific forces 
of the chemical or forces of the Van der Waals’ type and (2) in a free, or, 

® mobile * state which determines the free charge of the surface. The 
distribution between the two states depends on the nature of the colloid and 
that of the intermiceUary liquid. The H+ ions of both categories may be 
displaced by the cations of an added salt or a base, these cations being 
themselves adsorbed in the process ; the displacement of H+ ions of the 
second category is obviously the easier. The adsorption, i.a fixation 
of the cations leads to the formation of *ion pairs’ on the surface and 
is brought about by electrostatic forces of attraction and/or by specific 
forces, e.g. of a chemical or Van der Waal’s type. In the former case, 
only the electrical properties of the cations, e.g. their valency, mobility and 
state of hydration (which determines the distance between the centres of the 
ions constituting the ion pairs formed by adsorption) are the factors which 
determine the intensity of their adsorption and hence the amount of 11+ ions 
exchanged. In the interaction with a base, these exchanged H+ions are 
neutralized by the OH—ions of the latter. The possibility of a direct neutraliza- 
tion of some H+ ions by the OH— ions is not excluded. The greater total acidity 
measured at a given jpH obtained on titration with baryta or calcium hydroxide 
compared to caustic soda is, on this view, due to a greater electrical adsorption 
of Ba++ and Ca++ ions compared to that of Na+ions. A greater total acid 
obtained on titration with a given base in the presence of a salt than in its 
absence similarly arises from a stronger adsorption of the cations because of 
their being present in larger numbers. 

The increase in total acid observed on titration in the presence of a salt 
may be due to aluminium ions which, as our later work shows, are always 
present in the supernatant liquid above the coagulum of the sol + salt 
mixture whenever such an increase in the total acid is observed. The 
aluminium ions may have been directly exchanged for the cations of the 
salt, or, they may have been dissolved out from the hydrogen clay by the free 
acid liberated by its interaction with the salt. The mechanism of the 
liberation of such aluminium ions is of no direct significance so long as 
discussions of the cation effects are restricted, as has been done here, to their 
role in determining the total neutralizable acids of the sol + salt mixtures and 
their clear supernatant liquids. 

The difference in the relative effects of Ba++ and Ca++ ions in the 
interactions of their salts and bases with hydrogen clays may be explained as 
foUowB. The greater relative effect of Ba++ compared to Ca++ in the 
interactions with the salts arises from a stronger electrical adsorption of 
Ba++ than 0a++, the relative electrical adsorbabihty of the ions being 
determined by their electrical properties, viz. their valency, mobility and state 
of hydration. The cation effect is thus electrical in origin and follows the 

*The picture here suggested is of a general nature. It takes no account of (i) the 
amphoteric character of the hydrogen clays (ii) the role of A1 + + + and other ions on 
the surface in addition to H+ ions and (iii) the detsiiled strcictiue of the hydrogen clays, 

Work covering these aspects is under way. 
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lyotrope series. It may thus be called a regular cation ejecf. The greater 
rektive effect of Ca++ than Ba++ ions in the interactions with the bases is 
an irregular or specific cation effect in the sense that it does not follow the 
lyotrope series. This second type of cation effect ’ does not result from simple 
electrical adsorption (by electrostatic forces) of the cations together with their 
hydration envelopes. Here, the cations are adsorbed by specific forces other 
than simple electrostatic forces in a dehydrated state. The two types of cation 

effect will be further discussed in the concluding paper of this series. 

Summary 

• a neutralizable acid of a hydrogen clay sol calculated at the first 

miiection point and the minimum of its potentiometrio and conductometric 
titration curves with bases as also at 7‘0 is a variable quantity. The 

vanations arise from cation effects whose nature has been discussed in the 
light ot the theory of the electrical double layer and of adsorption of ions 

• .u “ different bases in absence of salts, the total acid decreases 

r? ^ Ba(OH)2> NaOH. The greater relative effect of 

*0 Ba{0H)2 illustrates an ' irregular, or, specific catim effect ’ 

4. 4. 1 • j ^ given base, titration in the presence of a salt yields a much larger 

have meffecT 

chloride f”"® concentration of the corresponding 

monde, the total acid decreases in the order Ba{ 0 H )2 > Ca{OH)„ > NaOH 

"SreLent wifh t£ 

is grSrthiS ^ mixture obtained on titrating it in situ 

thf rnlSim of (*) the clear supernatant liquid above the coagulum of 

the mixture as also (m) the salt extract obtained on repeatedly leaching the 

ss/s - - — y 

Mokherjee, J. N. (1921). TraL Far. Soo 16, 103 
- (1922). FhiL Mag. 44, 321 




VII. THE ELECTROCHEMICAL PROPERTIES OP COLLOIDAL 
SOLUTIONS OF HYDROGEN CLAYS* 

BY ■■ 

R. P. MITRA, 

Physical Chemistry Laboratory, University College Sciemcemd Technology, 

Calcutta 

{Beoeived forpublication onl2 September 1939) 

(With ten text-figures) 

I N Part V of this series [Mitra, 1936] mention has been made of several 
points of difference which exist between the titration curves of colloidal 
solutions of hydrogen clays and those of acids in true solution. In part VI 
[Mitra, Mukherjee and Bagchi, 1940] it has been shown that the total acidity 
of a hydrogen clay sol calculated from titration curves obtained on titrat- 
ing the sol under different conditions, e.g. with different bases or, with a 
given base but in the presence and absence of a neutral salt, is, also unlike 
any dissolved acid, a variable quantity. In this paper, the special features 
of hydrogen clay sols which distinguish them from acids in true solution 
have been considered in greater detail and an attempt has been made to 
reconcile them in a general picture which is based on the theory of the elec- 
trical double layer and of adsorption of ions. 

Experimental 

The hydrogen clay sols used were prepared from the following Indian 
soils t in the mannm' previously described [Mitra, 1936]. 

Sol Soil from which the hydrogen clay was obtained 


D . . . . Virgin soil from Dacca Farm (Bengal) collected from a depti 

of 0 to 6 in. 

E . . . . Suri (Bengal) farm soil. Agricultural Chemist’s exjjerimental 

plot. Block A 1-16, plot ISTos. 3, 5, 16. No manure ; soil 
collected from a depth of 6 to 12 in. 

F . . . . Burdwan (Bengal) Farm soil. Block B, plot No. 40. Standing 

crop — kalai ; surface soil collected from a depth of 0 to 6 in. 
G . . . . Krishnagar (Bengal) farm soil ; highland soil collected from a 

depth of 0 to 6 in. 

H . . . . Soil from Government Seed Farm, Kalyanpore (U. P.) ; a 

brown loam included in the Doah ; collected from a 
depth of 0 to 6 in. 

I • . . . Black cotton soil from Satara Dt., Bombay Presidency ; sur- 

face soil, calcium saturated, neutral. 

K . • . . Black soU from Bilaspur near Raipur (C. P.) ; surface soil. 

The results given in this paper have been taken from the published axmual reports 
for 1936-36 and 1936-37 on the working of a scheme of ‘ Research into the Properties of 
Colloid Soil Constituents ’ financed by the Imperial Council of Agricultural Research, 
India, and directed by Professor J. N. Mukherjee. The author takes this opportunity 
to thank the University of Calcutta for permission to work in the Physical Chemistry 
laboratory of the University and for other facilities. 

** Senior Assistant Soil Chemist under the above scheme. 

t The first four soils were kindly supplied by the Agricultural Chemist to the Govern- 
ment of Bengal. The Kalyanpur Farm Soil was obtained through the courtesy of the 
Superintendent, Government Seed Farm, Cawnpore. The two black soils were kindly 
supplied by the agricultural chemists to the Governments of Bombay and the Central 
I’rovinces, respectively. 
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The experimental arrangements and procedure were as previously des- 
cribed Pdukherjee ei. aZ., 1936 ; Mitra, 1936]. 

The hydrogen clay sols used covered a range of H ion concentrations 
from 10-® N to 10-'* JV and had specific conductivities of the order of 10-® to 
10-«mho. The significance and degree of accuracy of estimations of free 
and total acids of such systems have been discussed in two previous parts 
of this series [Mukherjee, et. ill., 1936 ; Mitra, 1936]. Since the publication 
of these papers, it has been possible to further improve upon the reproduci- 
bility and accuracy of the pH data [Mukherjee, Mitra and Mukherjee, 1937] 
by more careful attention to preparation and cleansing of the electrodes and 
the inclusion of glass electrodes* used in conjunction with a valve potentio- 
meter.** The results given in Table I obtained with some hydrochloric acid 
solutions which had nearly the same pH as the sols illustrate the order of 
accuracy now attained. The first, second and third columns of the table 
give the pH obtained with the hydrogen (h), glass (g) and quinhydrone (q) 
electrodes respectively. The fourth column gives the pH calculated from the 
observed specific conductivity feom the known mobilities of H + and Cl"" ion,s 
and assuming complete dissociation of the acid. The fifth column gives the 

value of log the Cl ion concentration having been determined by con- 
ductometric titration with silver sulphate solution. The sixth column gives 
the pH corresponding to the total acidity calculated from the potentiometric 
or conductometric titration curve of the acid assuming complete dissociation. 
Hydrogen and glass electrodes were used for the potentiometric titrations. 


Table I 


' Morton type glass electrodes were used. 

* A Cambridge pH meter reading direotty to 2 millivolts. 


pH (h) pH (g) 

pH{q) 

1 

Total Cl 

1 

og [Cl] 

i , 

2*94 2-94 

2*96 

3*08 

2*96 

3*00 (glass electrode) 

2-96 




3-02 (hycirogeo elec* 

Average : 2*96 




■trode) 

4*34 4*30 

4*30 

4*42 

4*41 

j 4*40 (glass electrode) 

4-36 , 




4*42 (hydrogen ©lee- 





trode) 

4-36 




4*42 (condncfeometdc) 

■ 4-32 


■ 

Average) 

4*4! 

Average: 4-35 





5-12 





6*10 6*08 

5*13 

6*23 


6*18 (glass electrode) 

5*11 



i 

6*14 (oondactometrio) 

Average 6*11 



Avemg© 1 

6*16 
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The average pE values obtained with the hydrogen electrode agree with 
the value obtained with the glass or quinhydrone electrode within 1 per cent. 
The average of glass, quinhydrone and hydrogen electrode values for the 
three solutions are respectively 2- 95, 4-32 and 5-11. These values agree 
with the respective total acidity values within 2 per cent. 

With the experimental arrangement used, some E,C1 from the salt bridge 
has been occasionally found to find passage into the titration vessel thereby 
increasing the conductivity of the solution. Consequently, for accurate 
determinations of the absolute values of the conductivities and for studying 
the fine features of the conductometric titration curves, the conductometric 
measurements were carried out separately from the potentiometrie maesure- 
ments thus obviating the use of the K Cl-bridge. 

Results 

I. HyDEOGEN CLAY SOLS AEE NOT HOMOGENEOUS ACID SYSTEMS 

In the following table the free and total acids of a number of hydrogen 
clay sols have been compared with those of their ultrafiltrates. The free 
acid has been calculated from the observed and the total acid from the 
inflexion point of the potentiometrie titration curve obtained on titration 
with barium hydroxide. 

Table II 


System 

pR 

Free acidity 
(H ion cone. X 

105) 

Total 

acidity (N) x 

105 

SolD 

5*40 

0*40 

5*0 

Ultrafiltrate of sol I) 

5-95 

0*11 

Negligible 

Sol E 

4*66 

2*19 

24*30 

Ultrafiltrate of sol E 

6-10 

0-08 

Negligible 

Sol E ... 

4-41 

3*89 

38*0 

Ultrafiltrate of sol F 

5-90 

013 

Negligible 

Sol G . 

4-57 

2*69 

40*0 

Ultrafiltrate of sol G 

5-85 

1 0-34 

n. 

SolH .. ^ 

4*52 

3*02 

99*0 

Ultrafiltrate ' of sol H ' ' 

6-05 

0*09 

n.d^ 


, , * Hot deteraimed 

Tlie free and total acids of the nltrafiltrate are considerably less than 
those of the sol it>self. A sei^aration of the colloidal particles from the liquid 
phase by nltrafiltration thus causes a marked lov/ering of its H+ ion activity 
and total acidity. A two phase acid character of th^ sol, the colloidal particles 
constituting one phase and the intermicellary liquid the other, is thus brought 
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out. There are OKmotically active H+ioiis aHSociated with the colloifial parti- 
cles which, rather than any H+ ions present in a truly dissolved condition in 
the intennicellary liquid, are responsible for the ohsei'ycd Hu ion activity 
and total acidity of the sol. The observations are in agreement with the 
socalled ‘ suspension effect ’ of Wiegner and Pallmann [192!)J. 

TI. Disceepancies between conductivity and activity measurements 
WITH colloidal SOLUTIONS OF HYDROGEN CI.AY.S 

The peculiar phasal condition of the H+ ions associated with tiie colloidal 
particles of a hydrogen clay sol is further illustrated by the following signi- 
ficant discrepancies between the specific conductivities of the sols actually 
measured and those calculated from their activity data.. The results obtained 
with sols Hj and J and with sols prepared by diluting them with their respect- 
tive ultrafiltrates are given in Table Til. The ultrafiltrates had pH values 
6-09 and 6 -20. Sol was obtained from the same soil as sol H. Only, it 
had a higher colloid content than sol H. 

Table III* 


Sol 

H+ ion cone, in 
normality x 10® 

j Sp. conductivity 
i in mho x 10® 

(Observed) 

! Sp. conductivity 
i In mho X 10® 
(Calci.ilated) 

El , 

8-7 

1-02 

i 

3*48 

, 

501 

0-97 

i 

-i-04 

1 ■ ■ 

Hi ... . 

3*16 

0-61 

} 

1*26 

J . . . . 

U‘45 

2-20 

1 6-16 

J/4 . . . . 

3-72 

0-88 

1«3? 

Jie ... . 

2-57 

0-66 ! 

M7 


lheH+ ion concentrations were calculated from the observed pH values 
oi the sols measured with hydrogen and glass electrodes. For the conducti- 
vity measurements, a Washburn cell having a cell constant 0-0096 in eon- 
junction with a Vreeland Oscillator as the source of the alternating current 
was used. “ 

Hip been taken from a paper read at a meeting of 

An Indian Science Congress Association, held in January, IMS. 

ms ’vof I ^ 6^) appeared m the Proceedings of the Congress (Proofings, 
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The values of the calculated specific conductiyitv n i 

tab e were obtained with the aid of the equation > cal =0"+?^ where'er ""f 
IS the equivalent conductance of H+ions and C + w fv 
calculated fron, the yH. TLludS; due te th! 
negatoely charged eolloidaj partiolee hae taeii neglected tte rMijJri 
m laUe in reveal the interestmg fact that the actual sreeffie cmdtSd! 

IS less than even the conductivity due to the H+ ions calculated 
observed activities. These H+ ions are Tht nr^cffi- from their 

liquid of the sol as is shown by the fact that Xde ^LTok^^^^^ 

tion of electricity in the usual manner. Their avera^ye conductivitv <^AA-fr 

.. much lee. tta unity [Muiherjee, 1933], iTSa^^SytaTv 
Slth eylm“ 1'“™“'^' obeerved. and it constitute, a peculiar'featL 

Discrepancies between conductivity and activity measurements in collni 
dal solutions have been used by Mukherjee [1933] L an arguSeS to fevou; 
of the existence of an electrical double layer in such systems^ HartlSf H 

tl “modified form of Sye ^ 

^1 ^ McBain and Betz 119351 con 

sider that the discrepancies are such as cannot always be explained bv anv 
reasonable modification of the existing theories. ^ piained by any 

III. Inteeaotions op colloidal solutions op hydeogen clays with 

NBDTEAL SALTS 

ncid atided to acid soils, neutral salts have long been known to liberate 

acid Several well-known methods of estimating the lime reqmTemen/of JS 
W?®®®+?® *0 HpPkins [1903], Daikuhara [1914] and Gedroiz figoli 5 
based on this principle. The nature of the interactions invol^ld which hit 
been the subject of controversies [Russell, 1937] is Jikelv to he a u " 

systematic studio of the effect if neutal site ot Wroir^yf 
MA^®^ ^^^® made, comparatively recently bv Wiemer ri93n Taati - 
The Marshall and Gupta [193"3], Mattson "[1932, 1935] and' others^ 

The following investigations deal with some special features of the interaction! 

1. Interchanges betmm the diffusible H Hons associated with the colloidal particles 

oj a hydrogen clay sol and the cations of an added salt 

Ha|r‘|JtSSriiSTavf 

potSm 

cnoeutretio. .ud 

<rrn between the actual and calculated specific conductivities of hvdro 

teuto^ites h„: 
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Table IV 


The differences between the values ol‘ tlie soi P 
those of the corresponding ultraiiltrates were clicckcd ) 
ments with concentration cells of the typeHJSol-]-Sait./H 
ofl/H^. 


System 

pH 

6. rn. f. (in volts) 
H„/Sol+salt/ 

I 

of oo!ic. eoll 

sat. KCi/ iiltra.iiitrate/Hg of I 

JI 


i 

(Obs.) 

' ■ (Caio,)' . 

SolH . 

Ultrafiltrate of sol H 

4-52 

6-05 



SolH+O-OOOSiVKa . 
Ultrafiltrate of above . 

4-26 

4-42 



Sol H-fO -002x7 KCl , 
Ultrafiltrate of above , 

4*10 

4-15 



SolP* . . . 1 

Ultrafiltrate of sol P . . i 

4*54 

5*85 



SolP+O'OOOSiV NaOi . 
Ultrafiltrate of above . | 

3*85 

4*35 

0*032 

0*030 

Sol P+0 *002x7 NaGl . 
Ultrafiltrate of above . | 

3*71 

3*95 

0*014 

0*014 

SolP+0*00052^ KCl . 1 
Ultrafiltrate of above . i 

3*80 

4*28 

0*027 

■0*029 ' 

So1P+0*002jV KCl , 1 
Ultrafiltrate of alcove , i 

3*70 

3*90 

0*011 

0*012 . 


Ill] 


REACTIONS RESPONSIBLE FOR SOIL ACIDITF, VII 


323 


On the addition of the neutral salt they have interchanged their positions 
with the cations of the salt and have passed into the intermicellary solution. 
This however, has not greatly affected the observed H+ ion activity of the sol 
as the H+ ions taking part in the interchange were niostfy in an osmotically 
active, i.e. diffusible condition previous to the interchange. The markal 
increase oftheH+ ion activity of the ultrafiltrate, on the other hand, is readily 
explained by their displacement into the intermicellary solution. Similar 
observations with silicic acid sols have previously been made by Mr. B. Chat- 
terjee in this laboratory (cited by Mukherjee, Mitra and Mukherjee [1937]). 

2. Interchanges between diffusible as well as rion-diffmible H+ions associated 
with the colloidal particles of a hydrogen clay sol and the cations of an added 
Sd/it 

The variations of of hydrogen clay sols H and P recorded in Table IV 
are small as the salt was added only in smaU concentrations. Considerably 
larger variations were observed using larger concentrations of salts as the 
following results will show : — 


Table V 


Boi 

pH 

of 

sol 

CH+ of 
sol X 10^ 

Balt added 
and cone, of 
salt 

pH of 
sol + salt 

CH+of Sol+ 
salt X 10^ 

E 



O-lOATNaCl 

3-61 

■ .2*45 ; 


4'6f) 

0-22 

O-iOVCaCla 

3*52 

' ■"■3’02' 



i 

j 

0*10 VBaCl^ 

3- 15 

7-08 

H 


j 

i 

1 

1 

0*80iVNaCl 

3-46 

3-46 


4-52 

0-32 

O-SOTVCaClg 

3*33 

4*67 




0*80 .VBaCI^ 

3-23 

5*87 

1 

. 

1 , 

0«25 JV OaClg 

3-43 

3 72 


1 4*51 ; 

0-31 

0*25iVBaCi2 

3-31 

4*90 

: "K 



0-25 A^CaCla 

3-30 

5*01 


.'■4; 47 

0-34 

0'25VBaCb ■ 

'3:*02/; 

9*55 


i 
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■ves given in Figs. 1 and 2 show the variations in the H+ion ac- 
id H on progressive additions of NaCl, BaClg and CaOh. 


0 Hcl+NacI 
O Hci+Baclj 
0, SoJE+Nacl 
A, SolE+C&cl, 
©/ SolE+BacL 
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Taken in conjunction with the ultraflltration experiments on sols I- 
the observed large variations of H+ ion activity recorded in Table V 
least in part from a displacement of osmotically inactive H +ions f 
colloidal particles. 



Cone, of added Salt x io‘’<N)- 


Aluminium ions displaced from hydrogen clays and acid soils by neutral 
salts are known to contribute to the observed free and total acids of the neutral 
salt extracts* [Paver and Marshall, 1934], The following results show that 
such aluminium ions cannot wholly account for the observed free and total 
acids of the supernatant liquids above the coagula of hydrogen clay sol + 
salt mixtures. 

An exchange of osmotically inactive H +ions associated with the colloidal 
particles of the sols for the cations of the salt has to be assumed in order to 
explain the much larger free and total acids of the ultrafiltrates of the sol + 
salt mixtures compared to those of the ultrafiltrate of the sol itself. 

* This topic is being systematically studied by Mr B. Chatterjeo in. this laboratory. 
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Table VI 




System 

pB 

Free acid 
(gni. ions of 
H per litre) 

Total acid at inflexion point 
of titration, curve with 

moB 

r—— — ' — 

^ ! . ^ 

M.illie'-qui- 

Equivalents ' valents per 
per litre 100 gna. 

^ colloid 

i 

i A1 in ultra- 
i /..'filtrate 

1 .(milli-eqiii- 
1 valents per^ 

■ ' 100 gnu 
colloid) 

SolP • . 

4-54 

2-9xl0.« 

200x10-^ 

82-0 

. ' * . 

Ultrafiltrate of sol 
P 

5-85 

l-4xi0-« 

■ Nil 

Nil 

.. 

Ultrafiltrate of sol 
P+-0W NaCl 
(curve I, figure 2 
a). 

3-66 

2-2xl0.'» 

2*4x10-4 ■ 

m 

- 0*5 

Ultrafiltrate of sol 
P+*04i\r Nad 
(curve II, figure 
2a). 

3-30 

5-0x10.4 

4*6x10.4 

■ ' : 

19 " 

'■ 3-0' 

Solution of alumi* 
nium chloride* 
(curve III, Fig. 
2a). 

3*22 

6 -Ox 10.4 

1*26x10-4 ^ 

* » 






... : : ■ , ' , 
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hio.OH tMsd 


The following results obtained with sol P show 
ment of the sol with a solution of sodium chloride a 
centration (0 •005,5?'), increasing amounts of H+ions 
the colloidal particles of the sol though practically no Al*^ 
the salt extracts. & r' J ^ 

Theoretically it is 
tinued an amount of H 
at the inflexion point of its titration 
displaced from the colloidal particles, 

H.'^ions by the cation of the salt 

nature of the reaction wdiich 


that by repeated treat- 
t a sufficiently low con- 
can be displaced from 
“^ions are found in 

not impossible that if the leaching is sufficiently con- 
■^ions comparable to the total acid of the sol calculated 
curve with a base (e.g. NaOH) will be 
. ^ The incomplete displacement of the 
is obviously to be referred to the balanced 

can be schematically represented as clay H+ 

NaCl::: I clay Na+HOl. 

The incomplete displacement is due to the back reaction whose intensity 
at any stage of the leacliing depends on the concentration of free H+ions in 





THE INDIAN JOHKNAL OF AGEiOUDTUEAL SCIENCE 


il'f; 




the intermicellary liquid. This concentration decreases as the leaehin,g pro- 
ceeds thus favouring inore and more the direct reaction. ' ■ In the interaction 
with a base to be discussed later the back reaction is absent tiiiis securing a 
more complete replacement of the ions of the colloidal particles by the 
cations of the base though the cations may be at a much lower concentration 
than in the case of the neutral salt solution. 


Tabls VII 


i f !lif 


System 


'Total acid in 
I m, a. per 100 
I gm. colloid* 


m - ' 








SolP . . 

! 

■ 82 ‘0 

i 

1 

1st leachate (0-5 gm. of cIay+200 c.c. of 0‘005iV' NaCl solution) 

9*0 

2nd leachate (50 c.c. solution) ...... 

2*0 

3rd leachate 

j>5 ■ • '* * * « . ■ . ; 

i 

4th leachate 

. ,, « ... ... . , ■ , . i 

' ' 1 

2-0 

5th leachate 

ff , ■ . . ■ . • ■ . • ... : 

i-B 

6th leachate 

jj . * ... . # » ■ 

2-0 


♦ Calculated at inflexion point of potentiometrio titration curve with NaOH. 

IV. Inteeactions of colloidal solutions op hydbooen clays with 

BASES : THE NATUEE OP THE TITEATION CDEVES 

In part V of this series pMitra, 1936] the nature of the potentiometric 
titration curves of a number of hydrogen clay sols with bases has been 
discussed. In this paper, both potentiometric and conductometric titration 
curves obtained under diverse conditions of titration have been examined 
including detailed analyses of their slopes and buffer capacities in different 
pH regions. Such systematic studies are likely to throw considerable light 
on the nature of the acid-base interaction in soil. They have been seldom 
undertaken in the past. Reference may, however, be made to Knight [1920], 
Jensen [1929], Hardy and Lewis [1929] and others who obtained titration curves 


isrC.^ 


I 


la 

f' 



HI] BEACTIONS RESPONSIBLE FOR SOIL ACIDITT, TIi ^ ^ ^ 329 

of soils mainly in connexion with the estimation of the lime reanirement er 
the degree of saturation of soil. ^ ’ 

1. Potentiometrie titration curves of hydrogen clay soh with different strong bases 

Figs. 3*, 4, and 6 give the titration curves of hydrogen clay sols B, G and 
H obtained on titrating them with sodium, barium and calcium hydroxides. 



M.e, ba.se per loo^ Colfoid ^ 


Fig. 3 

The forms of the curves with the different bases are dififerent. The po- 
tentiometric titration curves with baryta and calcium hydroxide indicate an 
apparent strong monobasic acid character of the sols. There is an initial flat 
portion followed by a steeper region which shows an inflexion point. The 
slope gradually diminishes after the inflexion point has been passed. Baver 
[1930] observed an initial sharp rise in the potentiometrie titration curves of 
hydrogen clay sols with the above bases and from this observation he attributed 
a week monobasic acid character to the sols studied by hiTn [op Bradfield 
1923]. 

The strong monobasic acid character of the potentiometrie titration curves 
with barium and calcium hydroxides ca nn ot be referred to the neutralization 
of any dissolved acid or acids present in the sol as its ultrafiltrate contains 

*Jlep educed from Fig. 1 of part V of this series. 
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aegligibla and total acids (Table 11).- A diffaroiice from a true iiioiiobasic* 
acid character, however, exists. Thus the free acidity of sol for exaiiiple, 
is only 6*5 per cent of its total acid even at a total acid concc^ntiaticm^ ol the 
order' of On analogy with an acid in true solution, tlie sol is very 

weakly dissociated. The potentioinetric titration curve of i he sol \\ iih baivia, 
however, (l?ig\ 4), does not show the sharp initial rise chaicu teiLstic ol a u(.*e!v 
acid in true solution. 



M. e. per loo^ Colloid — ^ 

Fio. 4 . 

The potentioinetric titration curves with caustic soda show a (‘oinpara- 
tively sharp initial rise indicating a relatively weak acid character of the sols. 
This initial rise is follow^ed by a gradual flattening of tlie cnxrve, that is l>y a 
region of continued and increasing buffer action. No inflexion point in the 
alkaline region characteristic of a weak acid in true solution hovv(|ve!:, 
observed in the curves of sols E and H up to the point to which the titration 
had been extended. There is thus an important difference from a true weak 
acid character although a consideration of the comparatively siuirj) initial 
rise alone would justify the conclusion that a weak acid is being titrated. 
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M. e. b«sise per ioo<^ Colloid ^ 

Fig. 5 

Compared to sols E and H, the caustic soda titration curves of sols T and K 
given in Figs. 6 and 7 closely resemble those of a weak acid in true solution in 
that they have definite inflexion points in the alkaline region. 

Sols I and K differ from sols E and H in one important respect. The 
silica-alumina ratios of their colloidal material are considerably greater than 
those of sols E and H as the following figures will show. 

Table VIII 

Colloidal material of sol 


'IT I K. 

SiOa/AljO, (molar) . . . . 3-65 3-37 3-87 3-40 
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A closer examination of the slopes of the caustic soda titration curv'es of 
sols I and K and of their buffer capacities show, further, that the weak mono- 
basic acid character indicated by them is only apparent. Thus the pH at 
the point of half neutralization in the caustic soda titration curve of sol I is 
6'05 which corresponds to a dissociation constant of 8'91 XlO~^. In Fig. 8 
the theoretical titration curve of a monobasic acid having this dissociation 
constant and the total acidity corresponding to the inflexion point of sol I has 
also been given for comparison. 


A NaOH 
o 0a.(OHl. 
B CaCOHl, 


l^G. 6 

The theoretical curve has been obtained with the aid of the equation 
Lxij a..- 6 +[h+]-[OH] 

where a represents the total acid, h the concentration of the base and K the 
dissociation constant. The theoretical titration curve definitely differs from 
the actual titration curve. A comparison of the buffer capacities* which are 

*Th0 buffer capacity considered here is the reciprocal of the slope of the potontiomot* 
ric titration, curve and is given by the expression, (van Slyke : J. Bid. Ohem., 22, p- 626, 

where (a) is the total acidity and K, the dissociation constant. 
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also shown in Fig. 8 confirms the difference between the two curves specially 
after the inflexion point has been passed. The sol has a higher buffer capacity 
than the corresponding hypothetical acid. It is evident that the sol has defi- 
nitely different properties than what are expected of a corresponding weak 
monobasic acid in true solution. 




5- 4^ 

i 





A N'a^oH 
O 

0 GfitiOril 



M,e. per ioo<^ Collo'fd 

Fia. 7 

The baryta and calcium hydroxide titration curves of sols I and K show, 
as in the case of sols E and H, an apparent strong monobasic acid character. 

The titration curves with the different bases yield different total acidity 
values calculated from their inflexion points. These variations of the total 
acid have been discussed in detail in the previous paper of this series. Atten- 
tion should, however, be drawn here to an interesting difference between sols 
E and H on the one hand and sols I and IC on the other, in respect of the order 
of total acidities obtained on titration with different bases. With sols E and H, 
the total acid follows the order : Ca (OH)2>Ba (OH)2>NaOH. The NaOH 
titration curves of sols I and K, however, give total acidity values (calculated 
at the inflexion points) which are somewhat greater than those obtained from 
their baryta and calcium hydroxide titration curves. This is brought out bv 
Table IX. 
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4 Aclu^l fciiaiion Curve. 

A, Theoretical titraitori Curve, 
o Actual buffer Cap«ictty. 
TKeoretical buffer Capacity 


Cone of NaOHxio'N 


Fig. 8 
Table IX 


Total aeid in m,o. 
base per lOtr p:in. colloid 

At inflexion At pil 7 • 


j/Ii at 
inflexion 


Base used for titration 


NaOH 

Ba{OH), 

Ca(OH)j 

Ba(OH) 
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^ comparing the total acid at the inflexion points in the titration cnrYes 
with different bases, the location in the pK scale of such inflexion points has 
to be considered for, as was shown in the previous part of this series, the hicrher 
the pH the greater is the amount of the acid reacting with the base. %ie 
greater total acid (at the inflexion point) with NaOH than with Ba(OH).,, 
or, Ca(OH)2 observed in the case of sols I and K is due to the inflexion points 
in the NaOH curve occurring in the allmline region which is not the case 
with the Ba(OH)2, or, Ca(OH)2 curves. The titration curves of sols E and H 
do not show such features. An examination of the slopes of the titration 
curves of sols I and K with different bases shows the same order of the 
capacity of these bases to react with sols I and K as observed with sols E and 
H. The order is : Ca(GH)2 >Ba(OH).2>NaOH. 


A N^OH 
© KOH 

a NH4OH 
o Cas^COH), 
o 5a{0Hh 


HilliecjUivaiehts oF ba-ise per 100^ oF Colloid — ^ 

' EIG 9.--: 

2 . Mutually conflicting features of the potentiometric and conductometric titration 

curves of hydrogm clay sols ^ 

The conductometric titration curves of hydrogen clay sols with different 
bases present certain features which are entirely at variance with those of the 
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corrosponciiiig potontioniGtxio ■fcitxfttion curves. No refeieiice to sucli difocie- 

pancies is found in the existing literature. 

The potentiometric titration curve of sol E with caustic soda shows an 
initial weak acid character while the corresponding conductometric curve 
(Fig. 3) has a sharp minimum (more sharp than the minimum of the baryta or 
calcium hydroxide titration curve) and in this respect indicates a strong acid 
character of the sol. Baver [1930], however, observed an initial rise of the 
specific conductivity on titrating a hydrogen clay sol with caustic soda. This 
was obviously due to too much alkali being added at the very first instalment, 
the initial lowering of the specific conductivity and the minimum point lieing 

lXlLlSS0Ci. 

The conductometric titration cixrves of sols B and H with baryta and cal- 
cium hydroxide have round or flat minima and in this respect indicate, in 
contrast to the corresponding potentiometric titration curves, a comparatively 
weak acid character of the sols. 

Big. 9 offers an interesting comparative study of the conductometric 
titration curves of hydrogen clay solF with sodium, potassium, ammonium, 
clacium and barium hydroxides. 

The slopes of the descending and part of the ascending portion of the curve 
obtained on titrating with Ca(OH).^ is distinctly le.ss than that of the curve with 
Ba(OH) 2 . The slopes are arranged in the order : NaOH>KOH>NHjOH> 
Ba(OH) 2 >Ga(OH :)2 as the following figures will sliow : 


Table X 


Base used 


NaOH 


Slope of initial descending 
portion 


NHO^H * V ■ . ^ V 0*045 , 0*315 

Ba(OH)2 0*018 0*330 

Ca(0H)a 0*003 0*335 

The iSTaOH curve has the greatest downward slope and in this respect 
shows a stronger acid character than the Ba( 0 H) 2 , or, the Ca(OH )2 curve. 
As already shown, however, the potentiometric titration curves with these 
bases give an altogether different picture regarding the acid character of the 
sols, ■■ ■: ■ ■ . 

Table X shows that the actual slopes of the descending portions of the 
conductometric curves are smaller than those calculated* for a strong acid. 

♦The slope is given by (Uh-j. — ^U jj)/i000, where XT^+and are respectively 
the mobilities of hydrogen ion and the cation of the base at at which all measure- 
ments were carried out. 
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The greatest discrepancy is observed with the Ba{OH)„ and ^a^OT^^ 

cur¥es. ■ ^ 

3. The variability of the total neutralizaUe acid of colloidal solutions of hydrogen 

clays 

Reference has already been made to variations of the total acid of a hydro- 
gen elay sol obtained on titration with different bases. In part VI of this Lries 
[Mitra, Mukherjee and Bagchi, 1940] these variations of the total acid have 
been tully reported and it has been shown that titration of the sol with a given 
base_ in the presence of a large concentration of a neutral salt yields a hio-her 
total acid, measured at the same pH, than titration with the base alone. Such 
variations would not be possible in the case of any dissolved acid. 

V. The ‘degeees of dissociation’ and 'dissociation constants’ of 

COLLOIDAL SOLUTIONS OF HYDHOGEN CLAYS 

If colloidal solutions of hydrogen clays could be treated as acids in true 
solution their degrees of dissociation at a given total acid concentration and 
dissociation constants calculated from their titration curves would give an 
estimate of their ‘ strength ’ as acid systems. 

The degree of dissociation of a hydrogen clay sol at a given total acid con- 
centration may be taken for purposes of discussion as equal to the ratio of 
the free acidity (i.e. the hydrogen ion concentration calculated from the ob- 
served pH) to the amount of acid equivalent to that of a dilute base necessary 
to reach the inliexion point. The following table gives degrees of dissociation 
of hydrogen clay sols E, F and H. 

Table XI 






Total acid 

Free acidity 

Sol 

Base used for the 

pH 

H ion cone. 

at 

inflexion 

XlOO 


titration 


XlOW 

point X 

Total 





low 

acidity 

E 

NaOH . . 

4-66 

2-19 

2-6 

■ 84-2 :■ 

9*0 

8*4 


Ba(OH), . . . 



24-3 


Ca(OH), . . . 1 



25*0 

¥ 

NaOH . . 

Ba(OH), . . . 

14-4 

3-89 

12-0 

38-0 

32-4 

10- 1 

H 

NaOH . 

Ba(OH)j . . . 

; 4*52 

3-02 

14-0 

99*0 

75-00 

3-03 

3-03 


Ca(OH), . . . 



99-0 


/ dissociation has a surprisingly low value when~bmret7^ 
calcium hydroxide is used for the titration although the total acid coneentra- 
tion IS of the order of 10-W. _ The sol thus behaves as a very weak S. 
The conesponding potentiometric titration curves indicate, on the other hand 
a strong acid character of the sols as already pointed out. ’ 


1 


■ 
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Table XI shows, however, that niach higher values of the degree of disso' 
ciation are obtained when the total acid given by the inflexion point, or mini- 
mum of the caustic soda titration curve, is used for the calculation. This 
is in agreement with the strong acid character of the conductometric titration 
curves with caustic soda (Fig- 4) but is at variance with the comparatively 
weak acid character of the corresponding potentiometric titration curve. 
The differences in the values of the degree of dissociation arise obvimusly from 
the variations of the total acidity of the sols previously mentioned. 

The apparent dissociation constants of hydrogen clay sols E, I and K 
have also been claeulated. Two series of values of the dissociation constant 
have been obtained and tabulated below as K and K' values. The K values 

were calculated from the equation X == where « is the ratio of the 

free acid to the total acid {C). The K' values w^ere calculated from different 
points in the potentiometric titration curves using the equation pR-pK' +log 
; [salt], at any stage, has been taken as equivalent to the concentration 
[.R] of the base added and [acid] has been taken as equal to <7— [B]. 

Table XII 


; :1 



K' ■ 

Sol 

Base used for 
titration 

K 

1/4 

neutralization 

1/2 /1 
neutralization 

' 3/4/ 

nentralization 

E 

Ba(OH)2 • I 

2-2xl0-« 

1 •4x10-8 

:/’ ■ / i 

2-8X10-8 

6 - 0 x 10-8 


Ca(OH )2 * 

2 -OX 10-8 

6-0X10-8 

1 -Ox 10-8 

1-7x10-' 


Sol Base used for | 
titration | 


I ISTaOH 
Ba(OH)2 
Ca(OH)2 

K KaOH 
Ba{OH)2 
Ca(OH)2 


Table XIII 


1/4 1/2 

neutral izat i on neutral iza ti on 


7*3x10-’' 

8*9x10-7 

6*5x10-7 

6*7x10-7 

8*9x10-7 

8*5x10-7 


8*9x10-7 

2*5x10-® 

2*2x10-® 

5-6X10-® 

4*4X10-® 

3*9x10-® 


7*9x10-7 

3*7x10-® 

2*4X10-® 

5*3x10-® 

7*0x10-® 

6*3X10-® 


3/4 

neutralization 


8*0xl0-« 

3*6x10-® 

2*2x10-® 

4*2x10-® 

1*0x10-^ 

l*0xl0-« 
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Tables 'XII and XIII show that there is no agreement between the Z 
and Z' values especially for the baryta and calcinm hydroxide titrations. 
Also, the values of Z' for them are much larger than those for the caustic 
soda titrations. This is again in agreement with the strong acid character 
of the baryta and calcium hydroxide titration curves (potentiometric) compared 
to the weak acid character of the caustic soda curves (potentiometric). 
Actually, the ‘ dissociation constants ’ given in tables XII and XIII are not 
constants in any real sense of the term and consequently they lose their 
significance. 


VI. The bole of the electbical double layer and of adsorption of 

IONS IN THE INTERACTIONS OF COLLOIDAL SOLUTIONS OF HYDROGEN 

CLAYS WITH BASES AND SALTS 

The results given in the preceding sections show that the interactions of 
hydrogen clay sols with electrolytes present a number of special features which 
are difficult to reconcile in the light of classical electrochemistry. A much 
clearer elucidation of these special features can, however, be obtained on the 
basis of the theory of the electrical double layer postulating the exis- 
tence of primarily adsorbed ions associated with the colloidal particles of the 
sol and of a secondary adsorption of cations by them [Mukherjee, 1921, 1922]. 
Mukherjee, Mitra and Mukherjee [1937] have used this theory as the basis of 
a theoretical formulation of the interactions of colloidal acid systems including 
hydrogen clay sols. An outline of the theory has been given in the previous 
paper of this series [Mitra, Mukherjee, and Bagchi, 1940] where it has been 
applied to explain the variations of the total neutralizable acids of hydrogen 
clay sols observed on estimating the acid under different conditions of titration. 
An explanation of the special features of hydrogen clay sols recorded in this 
paper is given below based on the above theory. 

According to the theory, H+ ions corresponding to the primarily adsorbed 
anions * built in ’ on the solid side of the solid-liquid interface exist in two 
states, viz. in a secondarily adsorbed condition either by electrostatic, or, 
specific forces and in a free, or, ' mobile ’ state. The H+ ions of the first cate- 
gory are osmotically inactive. They are the * bound ’ ions. Both 

^ mobile ’ and ^ bound ’ H+ ions may be displaced by the cations of an added 
salt, or, a base, the displacement being determined by the adsorbability of the 
cations given by their valency, mobility and state of hydration when the ca- 
tions are adsorbed by electrostatic forces of attraction. They may also be 
adsorbed by specific valence forces, or forces of the Van der Waals’ type. 

The mobile ions give rise to the free acidity, i.e. the observed H+ 
ion activity of the sol while its total acidity calculated from the inflexion 
point of its titration curve with a base includes both ‘ mobile ’ and ^ bound ’ 
H+ ions. With the sols used in this work, the Abound ’ ions far outnumber 
the ions of the other category as the small ratio of the free to total 
acids of the sols shows. 

*Tli0 picture here suggested is of a general nature and it takes no account of (a) 
the detailed mineralogicai structure of hydrogen clays, (6) their am]")hoteric character and 
(c) the role of A1+ + + and other ions on the surface in addition to H ^ ions. Investigations 
covering these aspects are in progress. 
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Though osBiotically active, the ‘ mobile ' ions are not present in the 
intermicellary liquid of the sol which explains the negligible free and total 
acids of the ultrafiltrate of the sol compared to those of the sol itself. The 
colloidal particles of the sol with their adsorbed H+ ions — mobile and bound— 
constitute a distinctly separate phase from the intermicellary liquid. 

On the addition of a neutral salt to the sol, only the mol>ile ions, or 
both mobile and bound H+ ions, may be displaced by its cations. The alkali 
metal cations are weakly adsorbed. Consequently, when a salt containing an 
alkali metal cation is added to the sol, a displacement of the mobile H+ ions 
only may take place specially if the salt is added in very low concentrations. 
As only a displacement of hydrogen ions which were previously in an osmoti- 
caUy active condition is involved, no marked variation of the hydrogen ion 
activity of the sol will he observed. The results given in table IV illustrate 
this effect. Though the H+ion activity of the sol has not appreciably 
changed, that of its ultrafiltrate has considerably increased. This increase 
is the result of the interchange between the mobile H+ ions in the double 
layers and the alkali metal cations in solution. 

A displacement of the bound H+ ions will cause an increase in the H + 
ion activity of the sol. The results given in table V show that using chlorides 
alone, the relative effects of the different cations in increasing the H+ion 
activity follows the order Ba++> Ca++> Na^ which is the order of their 
electrical adsorption. In the previous paper of this series [Mitra, Mukherjee, 
and Bagchi, 1940] it has been shown that the relative effects of the cations to 
increase the total neutralizable acid of the sol follow the same order wliich is 
also in agreement with the usual lyotrope series. It appears, therefore, that 
in the interactions of hydrogen clays with neutral salts an electrical adsorption 
of the cations of the salt plays a dominant role. The resulting cation effect 
is thus determined by electrical factors alone and it may consequently be de- 
signated as the ^ regular cation effect ^ • 

In the interactions of hydrogen clays with bases also, adsorption of the 
cations of the base plays a definite role. On the addition of a base, besides 
the direct neutralization of the by the OH”* ions, the cations of the base 
displace some of the bound ions from the double layer which are then 
neutralised by the OH”“ ions. The greater the adsorbability of the cation, 
the greater is this displacement and hence a larger amount of acid is neutralized 
ata given |)H. The smaller total acidity obtained on titration with sodium 
hydroxide compared to barium and calcium hydroxides is thus explained. 
The total acid calculated at a fixed ffK decreases in the order Ca (OH ) 2 >Ba> 
(OH) 2 >NaOH. In the interactions of the sols with the bases, therefore, 
the 0a++ ions appear to have a greater relative effect than the ions. 

The slopes of the titration curves point to the same relative effects of the 
cations. Here, therefore, we have an ‘ irregular ^ or ^ specific cation effect ^ 
in the sense that it does not follow the lyotrope series. Unlike tlie regular 
cation effect previously discussed it does not result from simple electrical ad- 
sorption of the cations together with their hydrated envelopes but arises from 
their adsorption in the dehydrated condition by specific forces other than 
simple electrostatic forces. 
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The features of the titration curves are explained from similar considera- 
tions. The first additions of the base neutralize the mobile H+ ions. The 
disappearance of these mobile H+ ions displaces the equilibrium between mobile 
and bormd H+ ions in the double layer which is restored by the passage of some 
bound H+ ions from the bound to the mobile condition. Adsorption of the 
cations of the base considerably facilitates this process. When barium or 
calcium hydroxide is the base used for the titration, the Ba++ or Ca++ ions, 
because of their high adsorption, displace more and more bound H+ ions 
from the beginning of the titration which are then neutralized by the 
GB[~ions of the base. The titration curve (potentiometric) has, therefore, 
a fiat run indicating a moderately strong acid character of the sol. When 
the limit to which the bound H+ ions can be so displaced and neutralized has 
been reached, further addition of the base results in a sharp rise of the pH, 
that is, the titration curve shows an inflexion point. This limit, however, 
does not correspond to the neutrahzation of all the bound H+ ions as the titra- 
tion curve shows a continued buffer action beyond the inflexion point. The 
inflexion point thus indicates the neutralization of H+ ions in a definite 
affinity level. 

Using sodium hydroxide also, the first additions of the base neutralize 
the mobile H+ ions. The bound H+ ions which far outnumber the mobile 
H+ ions cannot be displaced from the double layer by the sodium ions because 
of their weak electrical adsorption. The pH of the system, therefore, shoots 
up and the titration curve shows a comparatively sharp initial rise. On 
further additions of the base, the concentration of sodium ions in the system 
increases and thus the probability of their adsorption is increased. This, 
combined with the gradually increasing pH of the system helps in the neutrali- 
zation of more and more bound H+ ions and the titration curve shows a 


flattening after the initial rise. When the limit to which the bound H+ 
ions can be so displaced and neutralized has been reached fimther addition of 
the base may result in a sharp rise of the pH, that is, an inflection point in the 
titration curve may be observed (titration curves of sols I and K in 
Figs. 6 and 7). 

A consistent explanation of the apparently contradictory features of the 
potentiometric and conductometric curves is also obtained on the a.ssumption 
that the greater the electrical adsorbability of the cations of the base the 
greater is the amoimt of bound H+ ions displaced from the double layer which 
can then react with the OH— ions of the base. The greater the displacement 
of bound H+ ions the smaller will be the slopes of the conductometric titration 
curves which will thus resemble those of a weak acid. The marked departure 
in the slopes oi the Ca (OHlg and Ba(OH)2 curves of sol F from those calculat- 
ed for a strong acid and the weak acid character of these curves are thus 
explained. The process of displacement of bound H+ ions and their subse- 



quent neutralization would also diminish the slope of the potentiometric tit- 
ration curve but in this case a smaller slope indicates a stronger acid. The 
caustic soda titration curve (conductometric) has the greatest downward slope 
though the corresponding potentiometric curve shows the steepest initial rise 
and thus the weakest acid character. The total acid calculated from the 
minimum of the HaOH curve agrees nearly (within 15 per cent) with the free 



■fil 


acidity of the sol. The minimum of the caustic g 
mainly to the neutralization of the mobile H+ ions 
the bound H+ ions. 

Summary 

The electrochemical properties of a 
been studied. 

While the sols have 
are practically neutral. 

The actual specific conductivity of the sol 
free H+ ions 


number of hydrogen clay sols have 

measurable free and total acids, their ultrafiltrates 

■ " 1 is often less than that due to its 

whose ^concentration has been calculated from the observed pB. 

of the sol. ■ . 

When a neutral salt is added to a hydrogen clay sol, its H+ ion activity 
shows a marked increase. The nature and concentration of the cations of the 
salt are important factors. Using chlorides alone, the relative effects of ca- 
tious follow the order Ba++>Ca++>Na which is in agreement with the 
lyotrope series and thus illustrates a ‘ Tegular cation effect 

The sols give characteristic potentiometric and conductometric titration 
curves on titration v/ith bases. The curves show several features which would 
not be expected with dissolved acids. The forms of the curves obtained on 
titration with different bases as also the total neutralizable acids of the sols 
calculated from them are different. The total acid decreases in the order 
Ca(OH)2>Ba(OH)2> NaOH. The greater relative effect of Ca(OH}a 
compared to Ba(OH)2 illustrates an ‘ irregular, or, specific cation effect. 
Mutually conflicting features are shown by the potentiometric and con- 
ductomkric titration curves with a given base The ‘ dissociation comstants ’ 
calculated from the potentiometric curves have a fictitious significance. 
Somewhat different types of curves are obtained with hydrogen clays having 
widely different silica-alumina ratios. 

The results have been discussed from the point of view of classical electro- 
chemistry as also in the light of the theory of the electrical double layer and 
of adsorption of ions. 
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THE BASE BINDING CAPACITIES OE HYDEOGEN 
CLAYS AS DETERMINED BY DIFFERENT 
METHODS, I* 
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Calcutta) 

(Received for publication on 12 Septombor, 1939) 

T here is an element of arbitrariness regarding the vai-iuns routine 
methods for estimating the base binding, or, base exchange {•a|)a<'ily ot' 
soil. The different alternative methods do not always give (auicoi'dant results. 
The uncertainty mainly arises from the difficulty of an accuratt' and une{|ui- 
vooal definition of what constitutes the exchangeable hydrogen, or, the tilraf - 
able acid of the soil. Unlike the estimation of acids in tj-ue .solution, or, 
colloidal systems in which the various phases can be clearly defined the amounts 
of acids estimated by the different routine methods arc often ill-defined. A 
precise knowledge of the nature of the interactions involved in the estimations 
is therefore desirable especially in order to render possible a satisfactory eorrela- 
tion of the mutually conflicting experimental observations. 

The methods used by Hopkins [1903], Uaikuhara [1914] and Gedroiz 
[1924] for the estimation of the lime requirement of .soil are based on the libera- 
tion of acid by the interaction of an acid soil with a neutral salt. .Several 
theories have been proposed to explain the nature of this interaction. 
Until recently, this interaction had been regarded by .some [Joseph and Oakley, 
1925], following Way [1852], to be an instance of double decompo.sitio}i. It lias 
also been suggested that on account of surface tension effects [Gedroiz, 1929] 
the neutral salt is split into the acid and the base of which the ba.se is adsorbed 
at the interface and the corresponding acid is liberated. The difficulties iti tlie 
way of a simple explanation is illustrated by ob.servations such as those of 
Ramann [quoted by Hissink, 1935] that a complete displacement of all the 
reactive hydrogen ions of soil is not effected even by continued leaching of the 
soil with a salt solution. The problem is further complicated by the fact that 
aluminium ions are nearly always found in the neutral salt extracts of acid 

"The results given in this i)aper have been taken from the published annual nsport 
for 1936-37 on the working of a ‘ Soheme of Research into the Properties of Colloid Soil 
Constituents’ financed by the Imperial Council of Agricultural Eosoiirch, India and 
direoTwd by Professor J. N. Mukherjee. The authors’ thanks are due to the University of 
Calcutta for ijerniission to work in the Physical Chemistry Laboratories of the University 
and for other facilities. 

tSenior Assistant Soil Chemist nnder the above schema. 
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soils.' ' : The' role i)kyed by the electrical double layer in these interactions : 
has been mphasized by Mukherjee [1922] and Wiegner [1925]. The picture is 
however still far from being definite and according to Hissink [1935], no 
existing, theory can adequately explain the nature of the above interactions. 

The method of electrometric titration with a base has often been used 
[Goy, Muller and Roos, 1928 ; Hardy and Lewis, 1929] for estimating the total 
neutralizable acid of soil, e.g. for assessing its lime requirement and exchange- 
able hydrogen. The nature of the interaction between an acid soil and a base 
cannot also be said to have been clearly understood. Also, an adequate 
explanation of the observation that more base is required to attain a certain 
-pH when the soil is titrated in the presence of a neutral salt than -when titrated 
alone [Crowther and Martin, 1925 ; Hardy and Lewis, 1929 ; Clark and Collins, 
1930] has not been so far forthcoming. 

In a series of papers being published from this laboratory [Mtra, 1936] 
the nature of the reactions between colloidal solutions of hydrogen clays and 
bases both in the presence and absence of neutral salts is being studied in 
detail. A theoretical formulation of the reactions in some simple systems 
related to hydrogen clays has been given by Mukherjee, Mitra and Mukherjee 
[1937], The present paper being the first part of a series and its main purpose 
being to examine in the light of this theory the results of comparison of the 
base binding capacities of hydrogrn clays by different methods, the conclu- 
sions of Mukherjee, Mitra and Mukherjee [1937] as might be extended to 
hydrogen clay sols are discussed in some detail below. 

The colloidal particles of the sols are surrounded by hydrogen ions existing 
partly in a free, or, osmotically active condition forming the mobile sheet of an 
electrical double layer and partly in a secondarily adsorbed state on the 
surface. The osmotically active hydrogen ions give rise to the observed 
hydrogen ion activity of the sol ; the remaining hydrogen ions are present in a 
* bound that is, osmotically inactive condition. 

In the interaction of the sol with a neutral salt, its cations displace hydro- 
gen ions from the double layer, the amount of displacement depending on the 
adsorbability of the cations. Where Van der Waal’s forces or chemical valence 
forces do not operate between the oppositely charged ions in the pairs formed 
by adsorption, the energy of adsorption is determined by their electrical pro- 
perties, e.g. valency and mobility and the condition of hydration of the ions 
forming the ion pairs. Consequently, on the addition of different neutral 
salts having a common anion at the same concentration, the hydrogen ion 

activity of the sol increases according to the order Ba > Ca> K> Na of 
the electrical adsorption of the hydrated cations which is also in agreement 
with the lyotrope series. This has been called a regular cation effect 

In interactions with bases also, the cations of the latter have a marked 
effect. Apart from the direct neutralization of the free hydrogen ions by 
hydroxyl ions, the cations of the base displace various amounts of bound 
hydrogen ions from the double layer which are then neutralized by the OH““ 
ions. The greater the displacement the greater is the amount of acid reacting 
with the base at a given pH, Titration with different bases thus yields differ- 
ent total acids calculated at a fixed The total acid decreases in the order 
Ca (0H)2 > Ba (OH )2 > NH 40 H> KOH> NaOH, In the alkaline region 
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*The cations of the salts also displace Al ioti 
rise to some titra-tabl© acid in the sol -}• salt mixture. A 
being carried out in this laboratmy by Mr B. Chatterjee. 
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■ Refereiice lias been im above to the relative effects of Ba++ and 
Ca+ + ions in the interactions of their salts and bases with hydrogen clays and 
their dependence on the pE. of the system. Added as salts, barium ions have 
a greater elfect than calcium ions in liberating acid from hydrogen clays. 
Boti] the hydrogen ion activity and the total acidity of a hydrogen clay sol are 
increased to a greater extent on the addition of barium chloride than of calcium 
chloride. The interaction with the salts results in the liberation of acid and 
takes place in the acid region. The relative effects of the Ba++ and Ca++ 
ions in this region follow the electrical adsorption of hydrated ions and thus 
constitute a regular cation effect. But the totaf acid obtained on titration in 
the absence of a neutral salt of the cation with calcium hydroxide is, as already 
observed, usually greater than that obtained on titration with baryta. The 
0a+"^ ions thus have a greater effect than the Ba++ ions. The slopes of 
the titration curves point to the same conclusions. Kn irregular, or, specifi- 
cation effect, that is, one which does not follow the lyotrope series and is deter- 
mined by specific forces other than simple electrostatic attraction on the 
hydrated cations is observed ; probably, the cations become dehydrated under 
these conditions. 

In the light of the above, it appears that the lack of agreement between 
the lime requirement, and the base binding capacities of soils obtained by the 
different routine methods arises from the fact that different types of cation 
effect are brought to bear in the different methods depending on the experi- 
mental conditions of each as a result of which different amounts of acid are 
displaced or neutralized even at a given pE, e.g. pE 7 * 0. 

In the present paper, a comparative study has been made of the total 
acidities of colloidal solutions of hydrogen clays calculated from their electro- 
metric titration curves as previously obtained in this laboratory'^ and their 
base binding capacities obtained by some recognized methods which do not 
depend on the titration principle. >Such comparisons are expected to bring 
out (1) the significance of the total acidity values calculated from the titration 
curves in relation to the base binding capacities obtained by the routine 
methods and (2) the role of cation effects in determining the base binding 
capacities by such routine methods. The following methods have been used 
for the comparison : 

1. Parker’s method [Parker, 1929]. 

2. Mattson’s method [Mattson, 1932]. 

3. Hissink’s back titration method [Hissink, 1925]. 

It is intended in subsequent papers of this series to extend the work to 
liydrogen clays obtained from Indian soils other than those used in this work 
and to compare a larger number of routine methods. It is also intended to 
extend these studies to soils themselves and to bring the results on hydrogen 
clays and soils in mutual relation when sufficient experimental material will 
have accumulated. 

''''Systematic studies of these curves have been undertaken in a separate series of 
papers entitled ‘On the nature of the reactions res^jonsible for soil acidity’. See, in 
particular, Part V of this series {R-. P. Mitra, this journal, Vol. 6, p. 555, 1936). Parts VI 
and VII have also been communicated for publication. 




Experimental 


1. Peeparatiok of colloidal solutions of hydrogen clays ' 

The hydrogen clays were prepared in the manner described in a previous 
paper [Mitra, 1936] from the clay fractions of the following twoTndian soils 
(surface Boils). The clay fractions were separated from the soiLs using the 
International soda method. 

(i) Soil from Government Seed Farm, Kalyanpore (U. P.) ; a brown 

loam. 

(ii) A black cotton soil from Satara Dt., Bombay Presidency ; calcium- 

saturated, neutral soil. 

Hydrogen clay sols H and I respectively were obtained from the above 
soils."^ 


2. Methods of estimating total acibities and base binding cabacitiis 

(а) Electrometric titrotion with bases m presence and absence- of neutral salts 

The technique followed was as described in a previous paper fMitra 

1936]. Both hydrogen and glass electrodes were used. 

(б) Parker^ s method 

A known amount of the hydrogen clay was leached with a. neutral normal 
solution of barium acetate. The adsorbed barium estimated as barium 
sulphate after displacing it by leaching the clay (which was now a laii’ium clay ) 
with a neutral normal solution of ammonium, chloride gave the base binding 
capacity. The adsorbed Ba checked satisfactorily with the adsorbed 

(c) 

To a series of jena glass bottles each containing a definite volume of the 
hydrogen clay sol was added a neutral salt sufficient to give an approximatc^ly 
normal solution, Increasing amounts of the corresponding base were added 
to the different bottles. The values of the mixtures were then determined 
using the glass electrode and a titration curve obtained by plotting these 
pR values against the equilibrium concentrations of the base added. To a 
second series of bottles containing only the salt solution in the concentration 
as previously used were also added increasing amounts of the base and on 
plotting the j?H values against the final concentrations of the added base a 
second curve was obtained. The base binding capacity of the hydrogen clay at 
any pH was given by the distance (reckoned at this pH) between the two curves 
parallel to the axis showing the amounts of the base added. 

(d) HisamFs back titration method 

To a given volume of the hydrogen clay sol was added a sufficient amount 
of the base to make the resulting pH about 11*00. The amount of the base 
reacting with the hydrogen clay was obtained by conductometrically titrating 
the excess base with a standard acid. Different bases were used. * 


Kesxjlts 


The base binding capacities are given in Tables I and II. 

oBained through the courtesy of the Superintendent, Oovernmen 
Bombay^' Cawnpore. The other soil was kindly supplied by the Agricultnra! Chemist 
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Table I 

Base binding capacity of hydrogen clay H obtained by different methods 

Base binding 
capacity at pH 

Method. 7*0 in m. e. base 

.per 100 gm. 
colloid. " " 


A. Electrometrie titration in presence and absence of 


salts. 

Titration with — 

(i) Ba (OH)a . . ... . S2-0 

(ii) Ca{OH)a ... . . . 32-8 

(iii) NaOH ... • . , . 10-7 

(iv) Ba (0H)2 in presence of BaCl ^ (0 • 83)iV . 48 * 0 

(v) Ca (OH)a in presence of CaCl 2 (0*83iV) . 47*0 

(vi) HaOH in presence of NaCi (0 *83^) . . 40*0 

(vii) Ba (0H)2 in presence of Ba (Ac )2 {0»83A!') . 51*0 

B. Mattson’s method using — 

(i) Ba(OH )2 and BaCl 2(0- 83iV) . . . 47*0 

(ii) NaOH and HaCl (0*83^) . . . . 39*5 

0. Parker’s method . . . ... 51*0 

B. Hissink’s method’*' using — 

(i) HaCHtogivepH 11*1 . . . . 80*2 

(ii) Ba (OH ) 2 to give pH 10*87 ... 85*4 

(iii) Ca (OH) 2 to give pH 10*90 . . , 88*2 


Table II 


Base binding capacity of hydrogen clay I obtained by different methods 


S ■ ■ ■ ■ , 

j Method 

Base binding 
capacity at pH 

7*0 

1 A. Blectrometrio titration in presence and absence of 

L " . salts — , . 

r Titration with — 


1 (i) Ba{OH )2 . . . . 

82*0 

1 (ii) Ca(OH)2 . . . . . . 

97-0 

(iii) NaOH . . . . . . , 

78-0 

(iv) Ba ( 0 H )3 in presence of N BaCl 2 . . 

110*5 

(v) Ca (OH) 2 in presence of N CaC 1 2 . 

106*0 

. B. Mattson’s method using — 


(i) Ba (0H)2 andi?^ BaCla . 

109*5 

(ii) Ca (0H)2 and N CaCl 2 . . . 

106*0 

1 C. Parker’s method . • ■ ' 

110*6 


’*‘The base binding capacity estimated by this method does not correspond to pH 

7 ‘ O* Tfi «AnfAf*TTr»n i*.A f.KA <nTT finanTr at* f.liA fi.llrali f.A f.TnA ftnl. 
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;h rJftarlv brina out the variability of the total iieutraHzable add 

of variations is also as previously inui- 
is found to exist between the base 

"■'yandC. 
sted as B (i) (Mattson’s 
of BaCl 2 ) really amounts to a titration 
A. (iv) with the difference that in 
B (i) also requiios much larpa-r (iiiantif ies 
The cation effects brought to bear in A (iv) 
and consequently, tlie same anujunt of acid is neutraljKed 

depend 
;nificanee to the 
titrating the sol in the presetue of barium 
' • ■'■■']. An explanation of this agree- 
the liaht "of tiie theoreticai consKlcrntions already 
When barium chloride or baiium acetate is added to the 

’ ions present in the double 
■lowever, being a 
i and at equilibrium , the 
'er is determined by 
The addition 
++ /'H'+ ratio 
le liquid phases is, 
H+ ratio in the double 
This latter ratio inereases as the yjH 
riserthere”heing'a definite relation helveeri tlie abw.lute values 
n the hulk of the liquid phase an<l in t he double layei'. I bus 1 lie 
/absorbed, or, conversely, the amount of 11+ ions chsplaced from 
y^er and neutralized is, as already explained, a limeti(m oi the ^di, 
concentration in the liquid phase remaiiiing practically constant 
ifforont ion con^’^entmtionj tbo amount ol nHcl nciiliHlizod 
H would be different. The smaller total acids of the sols measured 
btained on titration with baryta alone than in the j)resciu‘(i of 
de would be thus explained. _ . i-, , . 

e sol is leached with a solution of harium acetate ns in i arker .s 

Ba++ ions of the leaching solution displace H'* hms from ihe 

doiihlelayers ( these H+ ions mostly form undissociated acetic acid moleeuJes 
and are removed from the sphere of action as fast, as they are displaced hv 1 n* 
Ba++ ions. The colloidal practicles thus always find themselves m a medium 
having pH 7 • 0 and a normal Ba++ ion concentration. The conditions obtaining 
after the leaching has sufficiently progressed are identical with those reached 
on titrating the sol + BaOlg (N) mixture to pH 7 - 0 in so far as the Ba ■ 'frl 
ratio in the liquid phase is concerned. Under these conditions, the amomu 
of Ba adsorbed fiom the barium acetate solution becomes, for re^^unB 
stated above, identical with the total acidity of the sol-f-BaClj (J*/) mixtuie.* 
♦The slightly smaller total acid, of the sol H+ BaCls mixture compared to the ba-o 
binding capacity by Parker’s method is probably due to the mixture containing O- ijsA’ 
|$aCla inst'^ad of N BaO^. 


as previously discussed. The manner 

cated. Approximate agreement, however, ^ ^ a \ a PG' 
binding capacities (at pH 7-0) obtained by methods A (n - ^ A 
The alreement between A (iv) and BJi) is expected as B ( 1 ) (Ma 
method using Ba (OH)^ in presence 
of the sol + salt mixture as carried out in I 
B (i) the titration is not continuous 
of the hydrogen clays than A (iv). 
and B (i) are the same s _ ’ 

0) .hi,.., .,ot 

on the titration principle is interesting as it gives a dvimiU 
total acidity values obtained on ^ 

chloride [A'(iv)] and barium acetate [A (yo)| 
ment may be given in -c v, . . 
brought forward. 

colloidal solution of the liydrogen clay, the H 
layers are exchanged for Ba++ ions. This uiierchange 
reversible process, all the ions are not excluuigef 
relative distribution of Ba++ and H ions in the double layi 
the distribution of these ions in the bulk ot the ]ir|Ui p 
of baryta removes some ions from tlie liqiikl phase 
thus increases. A new equilibrium hetween the snlid and t l 
therefore, set up which requires a higher Ihi 
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Tables I and II show that Hissink’s back titration method, yields the highest 
base binding capacities. The results obtained with different bases are different 
increasing in the order : NaOH < Ba (OH )2 < Ca(OH) 2 . The high values 
obtained by this method are expected as in the highly alkaline regions obtaining 

under the conditions of the experiment more ions associated with the 
colloidal particles enter into the reaction with the base than would be the case 
in the neutral, or, acid region. The method is, however, open to the objection 
that a decomposition of the exchange complex may take place under the condi- 
tions of titration [Schofield, 1931]. A ‘ break down ’ of the absorption 
complex of a hydrogen clay from a lateritic soil from Bengal has been 
observed in this laboratory at jpH 12 '5. A second criticism against Hissink's 
method is that it measures the soil hydrogen under conditions of alkalinity 
which do not usually obtain in soil under field conditions. 


Siimmary 

The total acidities of colloidal solutions of hydrogen clays calculated from 
their electrimetric titration curves have been compared with their base binding 
capacities obtained by other methods. The total acid calculated at pK 7 * 0 
from the titration curves is a variable quantity depending on the nature of the 
base used and on whether the titration is carried out in the presence or absence 
of a neutral salt using a given base. Titration of the sol+salt mixture yields 
a much higher total acid (expressed as m. e. base per 100 gm. colloid) than 
titration of the sol alone. Titration with baryta in presence of A'-barium 
chloride, or, iV-barium acetate yields the highest total acid and it is equal to the 
base binding capacity of the hydrogen clay obtained by Parker's method. 
Much higher values of the base binding capacity are obtained by the back titra- 
tion method of Hissink. The results have been discussed in the light of cation 
effects which are brought to bear in the different methods of estimation. 
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SOLAR RADIATION* 

BY 

R. K. DRAVID, M.So., 

Karmtah GoUege, Dharwar, formerly Besearch Student, Agrimltural Meteorology 
Section, Meteorological Office, Poona 

(Received for publication on 8 May 1939) 

(With five text-figures) 

Intbodttction 

I N December 1933 the present writer undertook, at the suggestion of 
Dr L. A. Ramdas, certain investigations on soil temperatures at the Cen- 
tral Agricultural Meteorological Observatory at Poona. These were intended 
to form part of a scheme of related investigations on the disposal of the radia- 
tion received from the sun and the sunlit sky. Apart from routine observa- 
tions of soil temperatures a number of experiments were performed, mostly 
during the clear seasons of the last three years, in order to ascertain how far 
one can modify the thermal conditions in the soil layers near the surface of 
the ground. A brief account of the results was published in two recent 
notes [ Ramdas and Dravid, 1934, 1936 ]. A fuller fiscussion of these results 
is attempted in the present paper. 

A brief description of the city of Poona and its surrounding.s and of the 
general climate of the locality may serve as a useful introduction. 

Desceiptioh OB Pooka AND ITS sxjEEOOTDiNas 

Poona (Lat. 18” 30' N., Long. 73° 53' E.) is situated at the confluence 
of the two rivers, Mutha and Mula, near the western margin of the Deccan 
plateau at a height of 1,830 ft. above the mean sea level. The city is sur- 
rounded by numerous low hills. 

The general features of the climate of Poona are brought out by 'Table I 
which gives the normals of the various meteorological elements for Poona. 

The South-west monsoon sets in in June and continues up to the middle 

of September. The monsoon season is characterised by over-cast skies, frequent 
drizzling, high south-westerly or westerly winds and small diurnal variation 
of temperature. There are also occasional thundershowers in this part of 
India during the pre-monsoon and post-monsoon months. 

The climate during the dry season with which we are concerned mainly 
in the present paper (November-April) is of the ‘ dry continental type ’ essen- 
tially controlled by insolation during day and radiative cooling during night. 

♦This investigation was carried out wlule the present writer was working as a 
research student in the Agricultural Meteorology Section (financed by the ImTjerial 
Council of Agricultural Research) at the Meteorological Office, Poona. The paper 
is a revised form of the thesis submitted to the University of Bombay for the M.So. degree. 
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Clear skies, feeble air movements, large diurnal range of temperature and 
of relative humidity and low water vapour content of the air layers near 
the ground are the characteristics of this season. The Bombay-Deooan, 
of which Poona is fully representative, is more or less outside the areas directly 
affected by the north-east monsoon and the western ^ disturbances during 
the winter months. The clear season extending over six months of the year 
in the Bombay-Deccan is, therefore, convement for investigations on soil 
temperatures under comparatively simple climatic conditions. 

T mcR-ivrAT. BALAKOE AT THE SOU. STTBVAOE 

The variation of temperature with depth and time in the soil depends 
upon a number of factors which control the disposal of solar radiation at the 
earth’s surface. These factors are enumerated below 

1. The duration and intensity of the total radiation from the sun 

and the sunlit sky received by unit area of a horizontal surface. 

2. The colour of the soil surface which determines what fraction of 

the incident energy is absorbed by the soil surface. 

3. The thermal conductivity of the soil which depends upon : 

(а) the chemical composition of the soil, 

(б) the water content, and ^ ^ 

(c) the pore space or apparent density. 

4. The heat transfer from the heated soil surface by convective pro* 

cesses in the air layers near the ground. 

6. The radiative exchange in the long wave-length or infra-red region 
of the spectrum between the soil surface and the atmosphere. 

6. Evaporation and condensation of water vapour at the ground 
surface [Ramdas and Katti, 1934; 1936]; during the clear 
season at Poona, the day to day variations in the moisture 
content of the surface soil are small compared to the diurnal 
variations, the loss by evaporation during the day being re- 
couped more or less by absorption of water vapour from the 
atmosphere during night. 

To determine the heat balance at the earth’s surface it is necessary to 
make a systematic measurement of each of the above factors. The Central 
Agricultural Meteorological Observatory at Poona, which was started ta 1933, 
has been slowly improving the equipment necessary for a complete scheme 
of observations 


1. Intensity of radiation from the sun and the. sunlit sky and the duration of 

hours of dear sunshine. 


The measurement of total radiation from the sun (8) and sky fH) is made 
at the Central Agricultural Meteorological Observatory by using a Moil 
)Solarigraph which consists of a sensitive thermopile and a recording Milli- 
voltmeter (made by Messrs Kipp and Zonen-Delft). The monthly means 
of the total daily radiation expressed in gramme-calories, the number of 
days for which records were available and the mean duration of sunshine 
as recorded by a Campbell-Stokes Sunshine recorder are^ven in Table JI 


THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 



-- 




356 THE INDIAN JODENAL OE AGBICDLTURAL SCIENCE [X 

for the different months of the year 1935 [Raman, 1936]. In the same 
table the highest and the lowest values of S+H, recorded during each month, 
are also given. For the sake of comparison the mean values of S + H on 
clear days alone and on over-east days are given separately along with the 
number of occasions of each tjrpe at the bottom of the table. 

The mean values of S -f- H on clear days alone during different months 
give an idea of the intensity of possible radiation in different seasons. April 
and May are seen to be the two months in which the possible radiation income 
is greatest and December shows the minimum possible radiation. No records 
of clear days are available for the months of July and August, but there is 
no doubt that the intensity of possible radiation in these months would b(; 
intermediate between those of June and September. 

2. Albedo of the surface of the ground 

It is necessary to see what fraction of the incoming solar energy is actually 
absorbed and converted into heat by the soil surface for a study of the heat 
economy at the earth’s surface. For this purpose it is sufficient to measure 
the reflection co-efficient or the albedo of the surface for the visible radiation 
which preponderates in the solar spectrum. These reflection coefficients 
were determined by using a MoU thermopile with a glass window and a cone 
and a sensitive galvanometer. The thermopile was directed towards the 
sunlit surface under experiment and then towards a standard white surface 
of French chalk also exposed to full sunshine. The deflection in the first 
case when divided by the deflection in the second case gives the albedo, if 
we assume that the chalk surface diffuses all the incident radiation. Measure- 
ments were made for the surfaces mentioned in Table III. 

Table III 


Kind of surface 

Albedo 

1 : 

1 ceni) 

1 . , , 

JVauch chalk | 

100 (assiiined) 

Cliarcoal powder 

, a . 

Poona black cotton soil 

16 

Grass covered soil | 

■ 32 

Sakrand soil i 

4i 

Belgaiim soil i 

lo 

Quartz powder 

72 


It is interesting to note that the surface of Poona soil absorbs 84 per 
cent of the incident radiation. In fact, soil temperatures of the order of 
76°C are occasionally recorded at Poona during the summer. Other soils 
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referred to in the Table III are typical Indian soils which are not m absorbing ■ 
as" the black cotton soil of the Deccan. 

3, Thermal diffmimty of the soil 

We shall refer in detail later on to the seasonal variation of the thermal 
diffusivity of the black cotton soil at Poona. It would, however, be appro- 
priate to refer here to the seasonal variation of soil moisture in the different 
layers of the soil as this is the most important factor which is responsible for 
the variations in the thermal diffusivity under field conditions. Weekly 
determinations of soil moisture at depths of 0, 2 in., 4 in., 6 in., 8 in., 12 in. 
and 18 in, were made from the middle of July 1935, on the bare plot of the 
Central Agricultural Meteorological Observatory. The data up to the end 
of November 1936, i.e, over a period of about sixteen months, are shown in 
Mg. 1 which gives the isopleths of soil moisture. This diagram illustrates 
the variation of moisture both with depth and with time. The isopleths 
are drawn at intervals of 5 per cent (moisture content of soil expressed as 
percentages of dry weight of soil). Prom the daily rainfall indicated by the 
length of the vertical lines in the upper portion of the diagram it will be seen 
that the spells of rain cause the high moisture content lines to approach 
the surface and that, during the frequent breaks in the monsoon rains at 
Poona, the moisture content fluctuates rapidly in the first six inches of the 
soil. After the withdrawal of the monsoon the surface layers of the soil 
are subjected to more or less unbroken desiccation during the long spell of 
dry weather extending from the first week of November 1935 to the beginning 
of eTune 1936. It is interesting to note that after the initial desiccation the 
isopleths remain nearly horizontal during the dry season with the 5 per cent 
line near the surface and the 25 per cent line at a depth of about 1 foot. The 
diagram brings out quite strikingly the protecting influence of the dry surface 
soil on the layers below of which the moisture content never goes below 25 
per cent. 

The fact that the lower layers of the black cotton soil at Poona have a 
comparatively steady value of moisture content is due to its high water- 
holding capacity which sets a limit also to the depth down to which percola- 
tion can occur with the Hght rainfall over this tract. 

4, Convective heat transfer from the ground surface 

Some of the thermal energy which accumulates at the surface during 
the day time is partly conducted into the lower layers of the soil and partly 
transmitted to the air layers near the ground by convection. (We shall 
refer to the heat transfer by radiative processes in the next section). The 
heat transfer from the ground by convection takes place mostly during day 
time when the surface is warmer than the air above it. Raman [ 1936 ] 
worldng at Poona has made a simple apparatus for measuring directly the 
heat carried away from unit area of the ground surface in unit time. A 
full account of his method will be found in the paper referred to. Fig. 2 
curve (C) shows the hourly values of the heat loss by convection in gramme 
calories per minute on a clear day (23-4-1936). The curve rises quickly 
after sunrise attaining a maximum between 14 and 15 hours. Later the 
value decreases rapidly and becomes negligible after smiset. 





5 7 9 U 13 15 17 19 21 23 1 3 6 

Time in hours I. S. T. 

+ ?.■ (23-4-36) (a) JRadiation from sun (S) and sunlit sky (H) ; (6) Tempera- 

ture radiation going out from the ground surface ; (c) Heat loss by convection from 

tne ground surface ; (d) Heat transfer by conduction between soil surface and the soil 

layers below, 

S. Radiative exchange in the long-tmve-length or infra-red region of the spectrum 
between the soil surf ace and the atmosphere 

Bara radkition.--'Dmhxg the day time the soil surface is receiving 
solar radiation m the visible region of the spectrum a part of which it absorbs 
and converts into thermal energy. The diurnal wave of the surface tem- 
perature very closely follows the altitude of the sun and the intensity of the 
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radiation arriving at the surface from the sun and the sunlit sky. After 
sunset the surface of the ground begins to cool and the cooling continues until 
sunrise on the next morning. Bodies at the temperature of the earth’s surface 
emit long wave or heat radiation. The energy radiated has its maximum 
value at about lOu, and most of the radiation is confined to the wave-length 
interval 3a to 50 ‘p. In this region of the spectrum the surfixce of the ground 
emits and absorbs like a black body so that, knowing the surface tempera- 
tures T** (from surface thermograph records or actual hourly observations 
of surface temperature) we can calculate the total energy E radiated to a 
hemisphere by unit area of a horizontal surface per second from the relation 
E= oTs * gramme calories per second, where c is equal to 1-37 xlO-^^ 
and Ta is the surface temperature in degrees absolute. If the atmosphere 
contained no water vapour all the heat energy radiated by the surface would 
be lost to space ; the atmosphere, however, always contains sufficient water 
vapour to absorb and re-radiate some of this energy back to the surface of the 
ground. The heat radiation S coming from the night sky as a whole towards 
unit area of the surface of the ground per minute is measured by means of 
Angstrom’s pyrgeometer. Table IV below gives the mean value,s of air tem- 
perature in degrees absolute, the vapour pressure in mm. of Hg, the black 
body radiation and "S the sky radiation, in gramme calories per sq. cm. per 
minute on clear (cloudless) nights alone during the months of 1934 (except- 
ing July, August and September). 

Table IV • 

Mean tnonthly values of radiation 8 from the niyht sky, etc., on clear days in 

1934 


Month 

Number 

of 

observa- 

tions 

Air 

tempera- 

ture 

degrees 

absolute 

Vapour 
pressure 
in mm, 
ofHg 

<jT^ 

gm. cal/ 
cm.® rnini- 
: mum 

B 

gm. cal/ 
cm®. 

miniiimm 

January 

V ■ . 7' V 

287 

4.7 

-•666 

-38« 

February 

28 

296 

7- O'X 

-62'2'' 

•444:,, 

March 

26 

299 


■'-.v'.:; .(146' 

•477;:;: 

April 

22., 

301 

■ 

1, . ■12-6' 

i ■ 

•671 

•490 

May 

27 

302 

13-9 

•684 

•497 

June 

5 

301 

171 

•669 

•506 

October 

3 

294 

■ 11-3 

•607 

•463 

November 

23 

! 

290 

9*6 

' *677 j 

•437 

December 

' m 

288 ' j 

7*0 

•663 

•436 
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6 . The heat exchange by conduction between the soil surface and the layers 

soil below 

During day time, when the temperature 0^ at the surface is higher than 
03 at unit depth below the surface, the thermal current will flow downwards 
from the surface. At night when 6^ becomes lower than 63, the thermal 
current will flow upwards towards the surface. In general, on a calm and 
clear day, the heat conveyed downwards and upwards respectively will be 
roughly of the same order of magnitude, but during transition months when 
there is an upward or do,wnward trend in the annual variation of temperature 
there will be some positive or negative carry over to the next day. If 0 ^ 
and 01 are the mean temperatures during an hour, the heat conducted into 
a lower layer through the 1st unit layer with a mean temperature 0m would 
be X (60-63) per unit time per sq. cm. and if the unit layer is itself changing in 

(jl 0 "f 

the accumulation of heat in the unit layer 


temperature at the rate 
d 6„ 


dt 


itself will be per unit 

of the soil. It will be clear, 
from a surface of the soil 


time per sq. cm. where C is the specific heat 
therefore, that the amount of heat conducted 
will be given by X (60-61) + C. Using 


d 0 

the appropriate signs for 60-61, and R3id knowing the values of 60, 0^ 

and 6 m from curves showing the hourly variation of these temperatures 
it is possible to compute the amount of heat leaving or arriving at unit area 
of the soil surface per unit time or during hourly intervals. 

We are now in a position to consider the thermal balance at the soil surface. 
We shall consider the conditions on the 23 rd April 1936 , a clear day during 
the summer at Poona. Pig. 2, curve (a) gives the march of solar -f sky radia- 
tion (S + H) arriving at the surface. The albedo of the surface for visible 
radiation may be taken as 15 per cent. The mean value of S, the heat radia- 
tion from the atmosphere, was *480 gm. cals./cm^/mt. Curve ( 5 ) in the same 
diagram shows the hourly variation of or the heat radiation emitted by 
the soil surface. Curve (c) shows the hourly variation of the heat trans- 
ferred from the soil surface by convection. Curve (d) shows the heat loss 
by conduction into the soil layers. In this curve, the portion above the zero- 
line indicates the gain of heat at the surface by conduction during the night 
from the lower layers of the soil and the portion below the zero-line indicates 
the heat lost by conduction into the lower layers from the soil surface during 
the day hours. The values of the different factors are expressed in Fig. 2 
in gramme calories per sq. cm. per minute. 

The scheme oe experiments on soin temperatures 


Having discussed the various factors which control the dis]^sal of solar 
energy at the earth's surface, we may now go on to the subject of soil tempera- 
ture and its variation wit^ different soils md with different conditions at the 
.surface. , .. ■ 
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In a note [Ramdas and Dravid, 1934] pnlblished in Current Science a 
simple scheme for conducting experiments on soil temperatures has been 
outhned. As mentioned in the previous section the temperatures attained 
by different layers of a soil, when its surface is exposed to solar radiation and 
to the other contemporary meteorological phenomena, wil depend to a large 
extent upon the colour and cover of the surface and the chemical and physical 
composition of the different layers below the surface, 

Johnson and Davies [1927 ] have measured temperatures at a depth 
of one centimetre in blocks of tar, macadam, bare earth, sand, rubble, and 
bare clay 1 metre square and 15 cm. deep. In view of the fact that the 
samples were 15 cm. deep their results represent the joint effects of 
the colour and composition of the materials used. 

For a preliminary and a comparative study of the behaviour of different^^^^^ ^^^ ^^ ^^ 
typical soils with respect to soil temperatures, the variation due to climatic 
diferences from place to place was eliminated by bringing sufficiently large 
amounts of the selected soils to one place of observation, viz. the Central 
Agricultural Meteorological Observatory at Poona, 

The experiments were made in distinct stages as follows :~ 

1. The physical and chemical properties of the soil were kept identical 
by working with plots of the undisturbed local soil ; the plots 
measured 6| ft. by 3J ft. each and similar sets of thermometers 
were installed at the different depths. 

The type of the thermometer used (manufactured by R. Fuess) has a 
bend near the bulb which makes it easy to fix the bulb at a definite depth, 
the whole length of the mercury in the bulb lying horizontally at the depth 
at which the temperature has to be measured. It is also convenient to take ^ 
the temperature readings from the scale attached to the outer tube stirround- 
ing the slender stem, as the stem is inclined to the vertical away from the 
observer. The thermometer reads correct to one-tenth of a degree Centi- 
grade. The soil thermometers were all compared with a standard thermo- 
meter before installation. Corrections, if any, were applied to the recorded 
observations. 

After installing the thermometers at the required depths, comparative 
observations were taken to verify that the temperatures at corresponding 
depths were similar. One of the plots (A plot) was kept as a permanent 
^ control ’ plot and each of the remaining plots covered with thin layers of 
substances like chalk, charcoal powder and typical soils from different parts 
of India. The simultaneous observations were then continued in order to 
record the influence of the ‘ cover ’ on the temperatures of the soil layers 
below. 

Along with these experiments it was also arranged to measure the effects 
of surface wetting and of a cover of vegetation on the soil temperatures, 

2. Having ascertained the effect of cover, the effect of varying both the 
physical and chemical composition of the soil was studied by using blocks of 
different soils measuring 6| ft, in length, 3i ft. in breadth and 1 ft, in depth. 

The soil blocks were kept with their natural surfaces exposed in the first part 
of the experiment and, after comparative observations had proceeded for a 
sufficientlylong time, all except the local ^ control ’ plot were covered with 1 
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a thin layer of the local black cotton soil so as to eliminate the influence of the 
® colour and retain only the variations due to the interior of the blocks 
of different soils. 


Expebiments on the eeeect op soil cover 


The experiments carried out in order to study the effect of various soil 
covers are taken up for discussion in the order in which they were carried 
out. 


Experiment 1: Effect of a thin cover of French chalk on soil temperatures 


The soil thermometers were instaUed in the standard plot A and in the 
expenmental plot B, at depths of 0 cm., 5 cm., 10 cm., 1.5 cm., 20 cm and 

Two hourly observations were taken of the temperatures shown bv the 
two sets of thermometers at the different depths, after the conditions in the 
soil layers m the tw plots had become normal. It was thus ascertained that 
the temperatures of the different layers of the soil in the two plots were similar. 
After the observations had been continued for a sufficient number of days, 
the plot B was covered with a thin layer (about 1mm.) of French chalk powder 
(white in colour) uniformly all over the surface, so that there was no patch 
oi tne local black cotton soil left bare and exposed to the sun. The plot A 
was Mt untreated and used as a permanent ‘ control ’ plot. 

r observations were continued as before. The white 

surface of the B plot reflected most of the solar radiation and absorbed very 
little solar radiation whereas the black surface of the standard A plot ab- 
sorbed about 85 per cent of the energy which would be diffused by the white 
^rface of chalk. ^hTaturally, the temperatures at the different depths in the 

corresponding tem- 
OJ^course, these changes of temperature took place 
iT in^ * at the surface but reached their fuU values only after two days 
at 10 cm. depth, and four days at 50 cm. depth. ^ 

For a convenient discussion of these data, the observations were OTouped 

at average temperatures of the A and B plots 

hr^ mnn^h^ hrs., 0800 

hrs., 1000 hrs., 1400 hi’s., 1600 hrs. and 1800 hrs. 

r>lr>+c! 1 (26th to 31st of December 1933), both the A and B 

plots were m them natural untreated condition. It can be seen that the 

this week. At 1700 hrs. on the 31st of December 

Tbe l™-? T ^ ®Iialk powder, 

le^t tW ® effect m the temperature of plot B was observed du^g the 
next three weeks when the chalk cover was retained, viz. 

Week No. 2, January 1 to January 7, 1934, 

Week No. 3, January 8 to January 14, and 

Week No. 4, January 16 to January 20. 


p 
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The differences in temperatures are relatively small in the morning but in the 
afternoon they show up very conspicuously. Thus the effect of the French 
chalk cover is to lower the temperatures at 6 a.m. by 1*2°C, 2*5°C, 2*5°G, 
2* 6^0, 2*3^0 and 2*0‘^0 at depths of 0, 5, 10, 15, 20 and 30 cms. respectively. 
The temperatures of the covered plot are lowered by 18’ 2 °C 5 7'2'^C, 4* 7°G, 
3- I'^G, 2 * 3°G and 1 • 9°G respectively at 2 p.m. These lowerings in temperatures 
have been noted from the average temperatures during week No. 3, i.e. 
January 8 to 14, 1934, the second week after the cover of French chalk was 
applied. Similarly the lowerings in the temperatures at the various depths 
due to the white chalk cover may be noted at the different times of observa- 
tion. 

Figs. 3 (a) and 3 (b) are isopleths of the weekly mean temperatures at 
1400 hrs. (afternoon) in the control and chalk-covered plots respectively. 
The abscissae refer to the successive weeks and the ordinates refer to the 
depths below surface. The plots were similar during the first week. The 
very conspicuous lowering of the soil temperatures during the second, third 
and fourth weeks in the chalk covered plot is shown by the rapid approach 
of the isotherms towards the surface. 

The chalk powder was removed from the surface of the B plot at 1700 
hrs, on the 20th January 1934 after having remained for three successive 
weeks. It is interesting to note the gradual return of the isotherms in the 
treated plot to their normal values. It took more than a week after the re- 
moval of the chalk for the temperatures to equalize in the two plots. During 
the first week after the removal of the cover (January 21 to 28) the tem- 
peratures are still seen to be differing in value. But, in the next week (January 
29 to February 1) the temperatures are again more or less similar in the two 
plots. 



1 2 3 4 6 6 1 2 3 4 5 6 

No. of week No. of week 

(a) ^ (b) 

Fig. 3. Effect of a thin layer of chalk powder on weekly mean soil temperatures 
at 1400 hrs. I. S. T. (25-12-33 to 1-2-34). (a) Control ; (b) Chalk put on at the begin- 
ng of the 2nd week. Chalk removed at 1700 hrs. of 20-1-34 (end of 4th week). 
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Table VI — eontd. 


No. 

of 

week' 

Depth 

0600 hrs. 

1400 hrs. 

A 

B 

■A ■ 

B.'', 

r 




22-2 

21 -9 

26-1 

26-1, 

2 




22 ‘3 

22*6 

27-3 

27-6 

3 




24-5 

25*0 

30-4 

30-5 

4 

> 

10 cm. 

> 

24-5 

25-1 

30-2 

30-4 

5 




25*0 

25*7 

31-5 

31-7 

6 




25-6 

26*4 

31-8 

32-1 

7^ 




28-2 

28*6 

34-8 

34-6 

r 




23-9 

23*7 

24-2 

24-1 

2 ' 




24*1 

24*4 

24*7 

25*2 

3 




26-2 

26-7 

27*1 

27-8 

4 

> 

15 cm. 

>■ 

26*6 

27-0 

27-2 

27-9 

5 




27*1 

27-7 

27-7 

28-7 

G 




27*5 

28*3 

28*4 

29-3 

7. 


- 


29-8 

29-9 

30-8 

j 

31-2 

V 




24*5 

24-5 

23-8 

23-9 

2 i 




24*7 

25-0 

24-0 

24*6 

3' i 




26-6 

27-2 

26-0 

27*0 

4 

> 

20 cm. 

> 

27-1 

27-7 

26-5 

27*3 

5 



i 

27*6 

28-3 

27-1 

28-0 

6 




28*1 

28-9 

27-6 

28-6 

7^ 

[ 



29-9 

30-3 

29-6 

30-3 




I 

25-0 

25*0 

24-5 

24-5 

2 




25-0 

25-4 

24*7 

25-1 

3 




26*7 

27-3 

I 26*4 

27*0 

4 

>■ 

30 cm. 


27*5 

28*1 

! 27*2 

27-8 

5 



I 

27*9 

28-7 

27-7 

; 28-3 

6 




28-4 

29-1 

28*2 

28*8 



- 


30-0 

30-3 

29*8 

30-0 


Thus, the eflfect of the cover of charcoal powder is to raise the tempera- 
tures in plot B at 6 a.m. by 0-5°C, 0-6°C, 0-7°C, 0'6°0,0-7°C and 0‘8°0 and 
at 2 p.m. by 2'6°C, 2-7°0, 0-2°G, 1-0°C, 0-9°G and 0-6°G respectively at 
the depths of 0, 5, 10, 16, 20 and 30 cm. These diiferences are taken ftnm 
the average temperatures during the week March 5 to 11, 1934, i.e. the fifth 
period after the charcoal cover was applied. The cover was carefully remov- 
ed at 1700 hrs. on the 18th of March 1934. The average temperatures during 
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the week after the removal of the cover are also given in Table VI against 
period No. 7. These are more or less similar. 

Expmment 3 : Effect of weMingthesoa surface with water equivalent in amount 

toffi in. of rain 

I 

After the temperatures in plots A and B had attained normal values 
plot B was wetted with Jin. rain equivalent of water sprinlded uniformly 
aU over the surface at sunrise (0625 hrs.) on the 14th of April 1934. 

Table VII gives the observations recorded. After two ob.servations at 
0600 and 0625 hrs., the plot was watered ; and then up to 8 a.m. observations 
were taken at intervals of 15 or 20 minutes ; from 8 am. to 10 a.m. half-hourly 
observations were taken and then at 1400, 1500, 1600, 1700 and 1800 hrs. 
on the 14th of April. From the 15th to 20th April the observations were 
recorded only at 0600, 0800, 1000, 1400, 1600 and 1800 Ins. 

The general effect of the watering is to lower the temperatures in the 
B plot considerably. 

At the surface, we can clearly see how the temperature of the control 
plot goes on rising after sunrise at the usual rapid rate, while that of the 
watered plot lags more and more. Whereas at 0640 hrs. the surface tempera- 
ture of plot B (21-6°C) is shghtly higher than that of plot A {2M°C), at 
0700 hrs. the temperature of A (22'4°C) is Mgher than that of B (21*2°C). 
At 1000 hrs., we find the surface tem]jerature of control plot (A) higher by 
15-8°0 and at 1400 hrs. by 14-6°C than the corresponding temperature of 
the watered plot (B). At 1600 hrs., in the evening, the difference is only 
5-8°C. The slower rate of rise and fall of temperatures in plot B is partly 
due to the increase of the specific heat of the soil due to the presence of water 
and partly due to the heat utilized for the evaporation which is taking place 
at the wet surface. 

On the 15th April, at the maximum temperature epoch, the surface 
temperature of plot B is 3-2°0 lower than that of plot A, while on the 20th 
April the difference is only 0-8°0 which is almost negligible. Thus after 
about a week, the lowering effect produced in the surface temperature of the 
plot B by watering, equivalent to | in. of rslin, is no longer significant. 

The maximum difference between the temperature at 2 cm. depth in 
the two plots is noticed at 1400 hrs., viz. 11-7®C on the day of watering. 
On the next day at the same hour, the difference is 6-6“C whfie on the 20th 
April it is only 1 • 6°C. 

At the depth of 5 cm. the difference in the temperatures of the two plots 
is 4*8°C at 1400 hrs. and 5-0°C at 1500 hrs. and 1600 hrs. on the date of 
wetting. On the next day, the difference at 1400 hrs. is 3*0®C. 

The lowerings in the temperatures at 2 p.m. at the depths of 10 cm., 
15 cm., and 20 cm. in plot B are 2*6'’C, l-0°0 and 0-0°C on the 14th April 
and 2-5°0, 1'4°C and 0-4°C on the 15th April. Up to 6 p.m. on the day of 
watering the temperature at the depth of 20 cm. has not been in the least 
affected in the B plot, but at 6 a.m. the next day wo see a fall of 1°C in the 
temperature. We thus observe that the effect of cooling travels very slowly ; 
it takes more than 12 hrs. to reach a depth of 20 cm. 
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Experiment 4 : Effect of icetting the surface of the soil with loater equivalent 

in amount to J in. of ram 

After the soil temperatures in the two plots A (control) and B (experi- 
mental) had become more or less similar for a number of days the surface of 
the plot B was wetted uniformly with water equivalent to in. of rain. From 
Table VIII it will be seen that'' the effect of wetting plot B on the morning 
of the 3rd May (6 a.m.) has been to depress the afternoon soil temperatures 
in that plot by 1M°C, 14-8°C, 10-7°C, 4-4°C, 3-l°C, 2-0°C, 0-4°C and 
0-2°C at depths of 0, 0-5, 2, 5, 10, 15, 20 and 30 cm. resijectively. The re- 
covery from the effect of wetting is perceptible even on the next day ; but 
it is only after the 6th May that the temperatures in the two plots become more 
or less equal. 

Table VIII 

Soil temperatures in °0 in two plots A (control) and B (experimental) during 
the period 3rd to 6th May, 1934, showing the effect of wetting the surface 
of the plot B on the morning of 3rd May 1934 

Morning 6 a.m. 


Depth cm. 



Afternoon 2 p.m. 


5 - 5 - 

34 

! 

6 - 5-34 

A 

B 

A 

B : 

1 , 9 -2 

18 * 5 . i 

16*6 

' 17 * 

1 

20*5 

19-6 

18*5 '■ 

18 - 

0 

24*0 

23*0 ; 

22 * 0 . 

^ 21* 

5 ' .■ 

27-3 

26*0 

25*8 

25 * 

2 

30*6 

29*8 

29-6 

29 * 

5 

32*5 

31*3 

32*1 

' 31 * 

0 

33*4 

32*0 

33*1 ■ 

32 * 

1 

33*8 

32*8 

33*6 

32 * 

6 

.m. 


5-6-34 

6 - 5 - 

34 


A 

, B 

■■ A' * 

B 

62*1 

60-0 

64-6 

63 

5 

56*5 

54*1 

59*8 

57 

8 

46*4 

43*3 

49-2 

46 

*5 

37*8 

37-5 

39*8 

39 

•6 

36*3 

33*2 

: 35*6 

33 

*0 

! 'BS-S 

31*6 

; 33*0 

31 

•5 

1 33-0 

32*2 

32*4 

31 

•9 

i 33*4 

32-5 

j 33*1 

32 

•4 
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Figs. 4 (a) and 4 (b) are the isopleths of daily temperatures at 1400 hrs . 
in the control and surface-wetted plots respectively. The wetting was done 
at 6 a.m. on the th i rd day. The sudden cooling communicated to the various 
soil layers is shown by the rapid approach of the isotherms towards the surface 
on the third day. The recovery from the effects of wetting was gradual and 
the temperatures had not yet equalized even on the 6th day. 


Expsrimsnt 5 : Effect of a covct of ve^etcition on soil te^nperatuTes 

After making a survey of the effects of changing the surface cover on soil 
temperatures as outlined in the preceding paragraphs, an attempt was made 
to study the effect of a cover of vegetation on the temperatures of the soil 
The three plots A, B and C were used for this experiment. Plot A was usecl 
as ‘ control ’. After comparative observations under sirailarc onditions had 
been made for some days, plot 0 was sown with ‘ aleev ’ on September, 
4th, 1935. Plot B was kept bare but received periodical watering to the 
same extent as plot 0. The height of the ‘aleev’ crop was 24 cm. on the 11th 
of October, 28 cm. on the 19th of October, and 30 cm. on 4th of November. 
It was trimmed to 20 cm. on 17th of November. Table IX shows the weekly 
average temperatures at 0600 hrs. and 1400 hrs. at depths of 0, 2, 5, 10, 15 
and 20 cm. for the following weeks : — 

Week No. 

* 22n<l to 28th .August 1936 

SOtJi to 26th Novoml>er 1935 

^ 27th November to 3rd December 1936 
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Table IX 

Morning and afternoon average soil temperatures during three weeks in the three, 
plots A, B, C, at different depths showing the effect of a plant cover on the 
plot 0, the plot B being given the same amount of water as the plot G and the 
plot A being left untreated as the standard control plot. Week 1 before 
treatment ; weeks 2 and S after treatment 


Depth 

in 

em. 



Morning 0600 hrs. 

Afternoon 1400 hrs. 


Ho. 

of 

week 

Soil temperatures °C 

Soil temperatures *^0 

Control 

plot 

A 

Plot 

receiving 
equal 
amount of 
watei“ing 
as 

plot C 

B 

Plant 

covered 

plot 

C 

Control 

plot 

A 

Plot 

receiving 
equal 
amount of 
watering 
as 

plot C 

B 

Plant 

covered 

plot 

C 

' 


1 

21-2 

21*2 

21-2 

40-8 

40*8 

40*8 

0 cm. 

>■ 

2 

9-1 

8-8 

10-6 

54*3 

37-8 

27-8 

- 


3 

10-5 

9-7 

13-9 

54*7 

38*8 

24*1 



1 

23-7 

23-7 

23-7 

33*9 

33*9 

33*9 

2 cm. 

> 

2 

16-2 

12*3 

14-9 

37-3 

28*7 

26*7 

j 


3 

17*2 

13*4 

16-9 

39*1 

30*8 

26*0 

>> 


1 

24-6 

24-6 

24-6 

31-7 

31*7 

31*7 

5 cixi. 


2 

16*9 

13*8 

15*5 

32*8 

24*9 

24*1 

J 


3 

17-8 

14-7 

16*4 

34*7 

26*4 

24*2 



1 

26-5 

26*5 

26*5 

29*3 

29*3 

29*3 

10 cm. 


2 

21-3 

18-3 

19*0 

25*8 

1 ' 21*4 

20*3 

- 


3 

21-8 

18-8 

19-0 

26*4 

21*9 

20*7 

' 


1 

27 '7 

27*7 

27*7 

28*0 

28*0 

28*0 

15 cm. 

!- 

2 

23*6 

20-9 

20-5 

23*7 

20*6 

20*1 



3 

23-8 

21*1 

20*9 

24*1 

i 20*9 

20*5 



1 

27-9 

27 v9 

27*9 

27*6 . 

27*6 

27*0 

20 cin. 

H 

1 

1 2 

24-3 

21*9 

21*1 

1 '23*8 

21*0 

20*7 

-J 


3 

! 

J 

24 -5 

22-1 

21*2 

1 

24*0 

21*2 ^ 

20*8 
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During the first week when all the plots were similar, the temperatures 
at all depths in the tliree plots were in agreement. The moan temperatures 
at the different depths during weeks No. 2 and No. 3 clearly bring out the 
effects of the watering alone in B and of watering and crop cover in (i. In 
the morning, soil temperatures in plot C in the layers near the surface an? 
warmer t han in plots A or B. This is due to the blanketing efFect.s of the 
vegetative cover which keeps even the air layers inside the vegetation warmer 
than those outside over bare ground. In the afternoon, however, plot C i.s 
cooler than plot A by as much as 26-5°0, 10‘6°G, 8'7°C, 3*f)“0 and 

3*1°C at depths of 0,' 2, 5, 10, 15 and 20 cm. The plot B is also cooler than 
plot A but is warmer than plot C in the afternoon. The conditions during 
week No. 3 are similar. The effect of a covering of vegetation in keeping 
down the temperatures during hours of insolation is well illustrated by these 
data. 

Experiments with soil blocks 

Experiment 1 : Bloch cotton soil (control), Trivandrum sand and Sakrand soil 

Modes 

In the present section we shall deal with experiments with blocks of some 
typical soils. These experiments were started with soils from I’rivandrum 
(sand), and Sakrand (allnvium). Pits 6| ft. by 3i ft. and 1 ft. deep were 
dug, keeping the bottom of the pits horizontal. Tiie verthial sides of the pits 
were supported with a lining of brick and cemented up. The lining of cement 
helps to prevent the seepage of water from the sides during rainy weather. 
These pits were carefully packed with the soils referred to above, the top 
surfaces of the different soil blocks so obtained ])eing kept horizontal and at 
the same level as that of the ground in the neighbourhood. The .sets of soil 
thermometers were then installed in these soil blocks and c.omparwl with those 
in the permanent control plot. The natural surfaces of the respective soil 
blocks were kept undisturbed during the first part of the experiment w'hich 
extended from the 30th of April to 10th of May, 1930. The second part of 
the experiment was commenced on the 11th of May at 0800 hrs. wlien the 
blocks of Trivandrum sand and Sakrand soil w'ere covered w'ith a thin layer 
(2 mm.) of black cotton soil so as to equalize the surface colours and retain 
only the variation in the interior of the soils. The observation.s recorded 
during the first and the second part of the experiment have been averaged 
for the following periods both for 6 a.m. and 2 p.m. 

No. of Dates Roinarks 

period 

1 30 April to 6 May 1936 | 

2 7 May to 10 May 1936 J 

3 11 May to 20 May 1936 

4 21 May to 27 May 1936 

5 28 May to 3 June 1936 

6 4 June to 10 June 1936 


2nd pai-t ol‘ experiment with all soih 1 
cover of black eotti-in soil 
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Table X gives the mean soil temperatures at different depths for the I 

above 6 periods at 6 a.m. and 2 p.m. From the table it will be seen that 
during the first two periods before equalizing the covers the temperatures ; 

in the upper layers of Trivandrum sand are lower than those in the control , 

both in the morning and evening. The surface temperature in the Sakrand ; 

soil is lower than that in the control but higher than that in the Trivandrum \ 

sand both in the morning and in the afternoon ; but below 10 cm. the tempera- 
tures are slightly warmer than in the other two soils. After equalizing the 
covers, i.e. during the periods 3 to 6 the temperatures in the sand and in the 
Sakrand soil begin to increase rapidly and approach those in the controL 
Sand being a poor condtietor of heat, the afternoon temperature just below 
the surface is higher in it than in either the control or the Sakrand soil ; for 
the same reason the morning temperatures in the uppermost layers of the sand ; 

are lower than in the other two cases in spite of the colours having been ; 

equalized. 

Table X 

Morning and afternoon average soil temperakires in in three soil blocks of 
Poona soil {control)^ Trivandrum sand and Sakrand soil during six weeks* 

Weeks 1 and 2 show the temperatures in the blocks with their natural surface 
colours ; during iveeks 3, 4, 5 and 6 a thin cover of Poona soil equalized all 
the surface colours 


1 

% ■ 


0600 hours 

1400 hours 

!■ 

No. of week 


Trivand- 

Sakrand 


Trivand- 

Sakrand 

1' 


Control 

rum sand 

soil 

Control 

rum sand 

soil 

1 


A 

D 

E 

A 

D 

E 

1 




0 cm. 



f 

■" l" 

21*9 

17-9 

20-3 

69*7 

38*1 

63*8 


2' . 

21-7 

19-1 

211 

68-1 

58*0 

'64-6 

i 

f 

Thin * covers * of Poona soil were applied to plots E and D at 0800 hrs. (11-0-1936). 

\ 

1 

3 . 

23*3 

20*3 

23*2 

68-9 

. 

68*1 

66*6 

* 

4' ... . 

24-9 

22a 

24*6 

63*6 

64*3 

' 62-8 

f 

■6 , ■' ■ 

22-9 

20*5 

22*9 

61-8 

61-6 

; 60-9''y 


■ 6 ' . 

2L5 

19*3 

21*7 

48*4 

' 46*8 

46,a; 





2 cm. 



1 

1 . 

26'7 

24*1 

1 24*4 

i 

64*9 

63*8 

■ ,56*8 

1 

1 

2 . 

28-5 

24-7 

25-3 

1 

52*1 

62-6 

64* 9 • 







If 

1 

I 

I 

is 

\i 


i 


I'f 

1 1 
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Table 



0600 hours 

1400 hours 

No. of week 

: 1 

Control 

■ A 

Trivand- 
rum sand 

D 

Sakrand 

soil 

E 

j 

Control 

. A 

Trivand- 
rum sand 

' D 

1 

Sakrand 
,, Boil, , 

■: .'B ■■ 


Thin * covers ’ of Poona soil were applied to plots D and Bj at 0801) hrs. ( 1 1-5-1936) 


3 . : .■■'. . ■ 

28-4 

26-1 

27*0 

4 . . 

29*1 

27*4 

28*0 

5 . . 

; 26*1 

26*7 

^ 24*9 

6 . . . 

24-0 

24*4 

23*4 



1 . 

27 *6 I 

26*6 1 

27 * 3 : ? 

( 

48*6 1 

45-8 


2 . 

. 28*6 ! 

V 27-1 I 

■■ 28*0 I 

47*8 1 

46*8 1 


Thin ‘ covers ’ of Poona soil were applied to plots D and E at 0800 hrs. (I l-S-USS) 


28*9 

28*8 

■29*6 ■ 

' , 46*3 ■ 

"60*0 j 

29*6 

29*3 

30*0 

44*1 

■ 49*0 

26*1 

'■■■■'■;■ 27*3 . 

.■:'■■■■■ 26*9 '! 

37*0 

40*6 

■ : 24*1 ' 

26*1 

‘"■^ '■26*3,J 

■ ■ 32*6 



^ 49*2 
47'- 8 
*Mh1 


^ 31-6 1 

29*2 

31*3 j 

38*1 . 

■ 1 ■ 

39*9 

40*0 

[ : 32-2 j 

29*9 

31-9 1 

■;■ '38*1. 

''39*7 : 

" 40*3 


Thin ‘ covers ’ of Poona soil were applied to plots D and E at 0800 hrs* { 1 1-6- 1936) 
3 ,*.- ■ ; 32-7 i 31*6 1 32-7 i ■ 37‘S ! ■ ■42-7 ! ' 41 


32*7 j 

31*6 

32*7 

37*5 

42-7 

41*2 

32*5 

31*8 

■■ 32*7 

36*8 

41-9 ' 

40*7 

30*1 

29*6 

29*8 

33*6 

36*6 ; 

36*S 

27*8 .1' 

28*0 

27*9 

30*5 

35*0 * 

34*3 

33*3 

31*6 j 

16 cm. 

34*0 

36*1 ; 


33*8 

32*2 1: 


34*4 ; 

35*3 
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Experiment 2 : Ehch cottm soil (control) and Bangalore {red) soil blocks 
A similar experiment comparing the temperature in the control plot 
and in a block of red soil from Bangalore was started on the 9th of May 1936, 
as soon as a supply of the latter soil was received. The periods into which 
the 1st and 2nd parts of the experiment were divided were as follows 


No. of Dates 

period 

1 9 May to 15 May 

2 16 to 22 May . 


Eemarks 


V 1st part of experiment with each soil bloek ha%diig 

I its own colour 


3 23 to 29 May . . V 

4 30 May to 5 Jiine . )^2nd part of experiment with Baiigaloro soil block 

I a cover of black cotton soil. 

5 6 to 12 Jime . • J 

Table XI gives the mean soil temperatures at different depths for the 
above 5 periods at 6 a.m. and 2 p.m. From the table it will be seen that during 
the first two periods before equalizing the covers the temperature at the 
surface of the Bangalore soil is lower than that of tlie control in the afternooib 
but slightly greater than that of the control at lower deptlis. On applying 
the cover of the local soil at the beginning of the 3rd week, tlje afternoon 
surface temperature becomes more or less similar to that in tlie control but 
lower depths become stiff warmer owing to the larger alisorptioii of energy 
at the surface and its conduction downwards. The changes of teinperakire 
on covering with local soil in the case of Bangalore soil are not of course so 
conspicuous as in the case of Trivandrum sand in the previouB expeiimeiit. 
Further work on these lines is in progress at the observatory. 

■ ;Tabli XI' ■ 

Morning and afternoon average soil tempeminres in in two soil blocks of 
Poona soil (control) and Bangalore soil during fwe weeks ^ tmeks 1 mid 2 
show the temperatures in the blocks tvith their miiural surface eolours ; 
during iveeks S, 4 and 5 the surface colours are equalized in the blocks^ a 
thin cover of Poona soil being applied to Bangalore soil block 


0600 hours 


1400 hours 


Week No. 


Bimgabre ' ' ; Bangakire 

Control soil (bnfcrol soil 
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Table XI — contd. 

0600 hours 


1400 hours 


. . , .'Week No.. 






' ■ ... " : 


Bangalore 


Bangalore 

' '■ ■' ' '■ ' '. ' ■. 

Control 

soil 

Control 

soil 

i 

Thin cover of Poona soil was applied at 1800 hours on 

22rid May 1930 


^ s, ■ , 

24-8 

25*1 

59*7 

60*1 

5 4 . . . . . , . 

22-2 

22-6 

45*8 

45' *4 

5 .... . 

21-3 

21-9 

53*6 

52*0 

'' , . ' 

5 cm. 




i 1 • • . • • I 

28*6 

27-4 I 

47-4 1 

! 

50*1 

j, '2 , . ■ . . 

29*3 

28-5 i 

45*4 1 

48*1 

^ Thin cover of Poona soil was applied at 1800 hours 

on 22ud May 1936. 

j . 3 . . . 

29*3 

28*8 1 

42*5 

47*5 

i ' 4 . 

24-7 

24*9 ; 

33*7 

36*4 

. ■ 5 ' ... 

24-7 

2o*4 ' 

34*4 

40*5 

1 

10 cm. 




1 ■ .. . . . 

32*6 

31*0 

38*1 

43*0 

2 ...... 

32^6 

31*1 

37*1 

41*8 

Thin cover of Poona soil was applied at 1800 hours 01 

1 22nd May 1936. 

3 . . . 

32*2 

31*6 

36*4 

41*5 

4 . . .. . . 

28-9 

27*6 

31*7 

1 35*0 

h' 

t .6 ' ■ . ■ . 

28*1 

27*7 

31*2 

37*.8;.'- 

< 

15 cm 

i. 



‘ 1 ..... . .' . 

34*1 

i 34*0 

34*6 

36*6 

2 , ..... 

33*9 

1 33-6 

34*3 

36*1 

Thin cover of Poona soil was applied at 1800 hours on 22nd May 1936. 

3 . . . ; 

33*5 

! 34*0 

33-7 

,35*9""^ .: 

/ ^ . . . . . 

30*9 

i 30*3 

31-0 

■,'32:* 4':. 

6 . . . . . 

1 .29*8 

i 

30*2 

30*1 ■; 

33*4 
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0600 hours 

1 ■ 

! 1400 hours 

Week No. 

Control 

Bangalore 

soil 

Control 

Bangalore 

soil 


^ ^ — — ^ — j j 

20 cm. 



1 

... . . 1 33-9 

'■35*3 

33*6 

35'0 

2 

, . ■ . 33-6 

34" 8' 

33*3 

34*6 


Thill cover of Poona soil was applied at 1800 hours on 22rid May 1936 

3 

33-2 

34*9 

32-9 

34-7 

4 

31-3 

32-0 

30*9 

31*8 

5 

. . 30-0 

31*8 

29*8" 

31*9 


30 cm. 




1 

. . . . 33*9 

35'7 

33*8 

34*9 

2 

. . . , 33-6 

35-0 

33*4 

34*4 


Thin cover of Poona soil was applied at 1800 hours on 22nci Bfay 19SCI. 

3 

■ . . V ■ , j ■ 33-3 ■ 

35*1 

33*1 

34*6 

4 

. . . . . 31*6 

■■ 32*9 

■31*4. ■ 

\ ■■ 32'*4 

5 

. . . 30-1 

.■32’4 

. 30*0 

32-0 


Thermal dieeusivity of the soir^ 

The well-known equation of thermal conductivity in a continuous medium 
like the soil is given by 


where K is the thermal conductivity, 0 is the temperature, x is tlie depth, 
p is the apparent density, c the specific heat and t the time. 

The equation may be written more simply as 

it “'ii? • • ■ ■ • ■ 

K ' ' ' ' 

where h = ~~ = thermal dilftisivity which is the change of temperature 

which would be produced in unit volume of the soil by the quantity of heat 
that flows in unit time through unit area of a layer of unit thickneas having 
pnit difference of temperature between its faces. 
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Tho solution of tho tibovo oqus^tion for tliG cuso wlioro the toiiiperajtiiro 
at tli6 surface of the soil undergoes a diurnal variation, which may be for sim- 
plicity represented by a sine curve, is given by 

sm2Tr • • ( 2 ) 

e=e,e ^ r 

where ?’== time period of the wave, i,e., 24 hours aud A=-- wave-length , 
i,e. distance between points at which the maxima or minima of tenipera ure 
occur simultaneously. By substituting the above solution in ( ) we can 

show that so that 

4tc 11 


2Tr _ / TT . . . . . (S) 

" ^ T k 

If we put 6, -the amplitude of the diurnal variation at depth oj-O, it is clear 
that the amplitude at a depth x is given by 

0,6 V TA 

Knowing the amplitudes of diuimal variation at two depths and we have 
from the above relation 

©1 _ ^ -(^1 . . (4) 

"eT ^ Tk ’ 

Putting I'=24 hours=86,400 seconds, and taking logarithms of the various 
quantities to the base 10 , we have 

log A; = 2 l^log {x^ — 032)-" Jog (Jog 6 i— log 62 )! 5*1640 . . (5) 

Knowing x^, and O, and 62 we can easily calculate k, the diflfusivity of the 
soil at different intervals of depth. 

Pig. 5 shows the diurnal variation of soil temperature on a cl^r day, 
viz. 0600 hrs. of the 30th April to 0600 hrs. of the ifC^ay 1935, at depths 
of 0, 2, 5 , 10, 15 and 20 cms. below the surface. It will be noticed that besides 
the rapid decrease of the amplitude of the temperature wave with depth 
there is also a progressive lag in the epochs of maxinaum ^d minimum 
temperature. This is easily understood from equation (2). The ma^amum 

temperature at a depth a?! is attained at time ^ 1 , when sin ^ \ ^ A / 

or where 2 it 

Similarly the maximum epoch at a depth 0^2 will be attained at time t 2 , 

given by 2% 
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[X 


By subtraction we have 

2 _ f 

SO that 


T 




1 


0 


to 


-t. 


X, 


T 

A 


T 

V '4:Z Tk 


'~T 

V” in Is 


We can thus find out k from the variation of the phase of tlie maximum or 
minimum temperature epochs, and put 

T {Xi-x^) ^ 


k= 


4 tc \t^—hY 

or log fc— 3-8373+2 log (a:^— iri)-2 log {h—ti) 


( 6 ) 

.( 7 ), 


the logarithms being taken to the base 10. 



Fia. 6. Diurnal variation of soil temperature at 0, 2, 6, 10, 16 and 20 om. depth s 
from 0600 hra. of 30-4.1936 to 0600 hrs. of 1-6-1935 
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For cale^ from the temperature curves, it is more coiweriient 

to use equation (6) as the amplitudes of the curves are much easier to deter- 
mine than the epochs of maximum and minimum temperatures. This diffi- 
culty increases with depth, as the curves become flatter and flatter. 

Variation of thermal diffusivity with depth in Poona soil 

Table XII gives the amplitudes of soil temperature and the times at 
which the maximum and minimum temperatures occur at different depths. 
The last two columns give the values of the thermal diffusivity /<^ calculated 
from the amplitudes and the values, of K the thermal conductivity obtained 
by multiplying J; by the product of the apparent density and the specific 
heat. The apparent density varies with depth as follows, but the specific 
heat has a constant value of 0’22. 

Depth (cm.) xApparent density 


0 


. 

1-0 

5 



1-9 

10 


. 

21 

15 


, 

2-3 

20 



2-3 


The thermal conductivity is of the order of 0*0004 at the surface but 
increases to values lying between 0*0005 and 0*0007, at lower depths, owing 
to the increase of the apparent density at these depths. 


Table XII 


Depth 

Amplitude 

Maximum 

temperature 

epoch 

. 

Minimum 

temperature 

epoch 

■ 

Diffusi- 
vity k 
(calculated 
from 

amplitude) 

Conductivity 

K 

0 cm. 

■ 

: 22*4 

, 

1300 

0600 







0*0011 

0*00037 

5 cm. 

9-2 

1500 

0700 







0*0015 

0*00067 

10 cm . 

4*3 

1700 

0800 







0*0012 

0*00060 

15 cm. 

1*8 

2000 

1 0930 






1 

i ■ ■ ■■ 

0*0010 

0*00052 

20 cm. 

0*7 

2230 

1 1130 

i 




Seasonal variation of thermal diffusivity 

We may now see how the thermal diffusivity of the soil at Poona varies 
with the season. The mean soil temperatures at different dejiths from 0 to 
50 cm. for different months during the period April 1936 to March 1937 were 
computed for 0600 and 1400 hours which are the epochs of minimum and 
maximum soil temperatures respectively at the surface and for 0800 and 1700 
hours which are the epochs of minimum and maximum soil temperatures 
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respectively at a depth of 10 cm. From these, the diuriial , ranges of soil 
temperatures for the depths of 0 and 10 cm. were found and the mean thermal 
diffusivity of the surface layer of the soil, 10 cm. in thickness, calculated. 
From the records of the Central Agricultural Meteorological Observatory, 
we know also the rainfall and mean moisture content of this surface layer. 
The values of diffusivity and of the rainfall and mean moisture content of the 
first 10 cm , of the soil are given in Table XIII. 

Table XIII 

Monthly varmticyn of diffusivity {between the depths of 0 mid 10 cm). 


Month 

Rainfall in inches 

k ' 

1 ■ 

1 Moisture content 
' (per cent on diy 
: basis) 

April 1936 

0*00 

0*0016 

! • , 7*5 

May 1936 

0*56 

0-0016 

1 7*5 

June 1936 

3*82 

0*0013' 

1 ■ '12*0 

July 1936 

' 1*47 

0-0023 

25*0 ' 

August 1936 

'.1*34 

.,0*0018 ■ 

,,13*0 . 

September 1936 

7*28 

■'0*0024 

■ 25*1)' ' ,, 

October 1936 

0*88 

0*0018 ' i 

15*0: 

November 1936 

2*99 

’ 0*0023 ■„ .'! 

' 21*0 

December 1936 

0*00 

.0*0013 ■ , 

■■ 1,3*4 ' 

January 1937 

0*00 

' . 0*0013",' ^ 

■ ■■, S*7 

February 1937 

0*00 

■ 0*0015, ; 

7*7 

March 1937 

0*00 

0*0016 I 

' 5*3 ' 


Mean k during ihe diy season December to May ; 0*0015 
Mean k during the wet season June to November : 0*0020 

Dunng the months December to May there is practically no rainfall and 
the mean moisture content of the soil between the surface and 10 cm. depth 
lies between 5 and 13 per cent ; consequently the values of thermal diffusivitv 
also are low, ranging between 0- 0013 to 0-0016. The mean diffusivity of the 
hrst 10 cm. of the soil during these six dry months of the year is 0- 0015. The 
monsoon sets in in June and the remaining six months of the year are wet. 
? if of file soil is seen to increase up to 25 per cent 

The mean value of the diffusivify 
cturmg these six wet months is 0 • 002, ^ 


' ’ . . . 1": ’ ‘ i iV f'. :■ 

^ 'VI : , : ■v y ^ . 
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June has a rainfall of 3-82 in. and yet the value of the diffusivity is seen 
: to be low (O- 0013). But we note that the mean moisture content of the soil 

is also low during this month, viz. 12 per cent, the rainfall having occurred 
at the end of June. The heavy rainfall at the end of June and further rain- 
fall in July raise the value of the mean moisture content during July to 25 
per cent and the diflusivity is also seen to attain the high value of'o-0023 
during this month. In September and November again heavy rainfall is 
recorded, the moisture content of the soil rises in value, and the dilfusivity 
» is tdso seen to be high. 

I We find therefore that in general the thermal diflusivity of the soil varies 

j directly with its moisture content. This must be attributed to the fact that 

i with increase of moisture, water fills the inter-space between the soil particles, 

driving away the air which has a low thermal diffusivity. 

i \ . . . . ■ 

I Thermal diffusivity in relation to surface colour 

I ' ' ' ' " 

Table XIV gives the values of thermal diflPiisivity for the plots A, B, C, 

; D and E during the week January, 8th to 14th, 1935, w^hen all these plots of 

j local Poona soil were exposed to solar radiation with their natural surface 

I colours. The plots A, B, 0, D and E have the values of 0-0013, 0*0013, 

0*0014, 0-0012 and 0-0013 respectively. The table also gives the values 
of diffusivity for the plots as 0-0013, 0*0014, 0*0014, 0-0012 and 0-0012 
j respectively during the week January, 29th to February, 4th, 1935, when 

: the plots B, C, D and E were exposed to solar heating with their surface 

colours changed by the covers of Trivandrum sand (white), Mekran soil (brown), 
Sakrand soil (ash-coloured) and Bangalore soil (red), the covers having been 
applied at 0700 hours on 24th of January 1935. Here we find that all the 
I five plots consisting of the local Poona soil show about the same value of 

diffusivity whatever be the surface colour, showing that other conditions 
{ remaining the same mere change of albedo at the surface makes no alteration 

in the thermal conductivity in the soil below* 

Table XIV 


1935— January 8 — 14 


Week 


A 

B 

V c 

D 

E 


A 

B 



Plot 


h 


0-0013 

0*0013 

0*0014 

0*0012 

0*0013 


0*0013 

0*0014 

0*0014 

0*0012 

0*0012 


«iill 


January 24th to February, 4th 
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Variation of thermal diffmmiy tmth .soil types 

. Table XV gives the thermal difFiisivity values for the local Poona soil, 
Trivandrum ■ sand and Sakrand soil,- both when the blocks of tliese soils 
were exposed ' to ' solar heating with their natural surface colours and ■when 
their surface colours were equalized by means of a thin cover of the Poona 
soil. 

. ' - Table XV 


Biffuaivity — {between the depths of 0 and 10 cm,) 


Soil 

Bf'fore 

siitTa,ce 

treatment 

I 

1 After tf'jc surface. 

■ colours wf‘re 
• eijualized 


8 ,Ma 

y 1936 

Poona soil i 

. 0-0014 

■0*0011 ■ 

! 

Trivandrum sand i 

0-0036 

0-0032 

Sakrand soil 

0-0027 

0-(K)24 


20 May 1936 

Poona soil i 

0-0011 

; o-ooii 

Bangalore soil 

0*0035 .. 

:i 'O'^OOSI 

,1 . 


Poona soil, Trivandrum sand and Sakrand soil have the difTusivity 
values of 0*0014, 0-0036 and 0*0027 respectively in their natural condition ; 
and they do not show much difference after the surfacic treatment. 

The table also gives the diffusivity values of 0-0011 and 0-0035 for the 
Poona soil and Bangalore soil respectively before the soil blocks received the 
surface treatment. These values are also not affected by the change in the 
surface colour. 

Summary and conclusion 

The present paper begins with a deseiiption of Poona and its environs 
and climate (Section I). In the next section the various factors which control 
the thermal balance at the surface of the ground during the clear seasoii are 
briefly mentioned. Some typical measurements of the intensity of the 
radiation from the sun and the sky, the albedo factor which determines tlie 
fraction of the radiation aetuaHy absorbed by the soil surface, the lieat transfer 
at the surface by conduction, convection and by radiative exchange in the 
infra-red region of the spectrum are briefly discussed in this section (Sec- 
tion 11). 

Section III is devoted to an outline of the scheme of experiments dis- 
cussed later ^ in the paper. In Section IV five exjieriments on the influence 
ol surface covers’ on soil temperatures are described. These experi- 
ments show how sensitive soil temperatures are to changes of colour or surface 
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wetness. In many investigations of plant physiologists and agriculturists 
it is often necessary to alter soil temperatures to suit the requirements of a 
crop. For example, in higher latitudes where the intensity of solar radiation 
is low it becomes necessary to make the best use of the weak insolation. In 
Soviet Bussia, for example, the method of covering the soil surface with char- 
coal powder or coal dust is reported to have been tried with success for making 
the soil temperatures sufficiently high to sustain a cotton crop. In the hot 
Indian summer we may often have to keep down soil temperatures to save 
plants during a droughty period. The use of a thin layer of a white substance 
like chalk is obvious in such circumstances. The control of soil temperatures 
by altering the soil cover will be possible only for depths up to 50 cm. or so, 
as the changes occurring at the surface decrease rapidly with depth. 

Section V is devoted to experiments with blocks of different soils which 
show how the influence of the surface colour may be eliminated by covering 
all the soils with a thin layer of Poona soil. 

The diurnal variations of soil temperatures, the thermal diffusivity of 
the various soils used in the previous experiments, and the seasonal variation 
of the thermal diffusivity of Poona soil are discussed in Section VI. It is 
shown that the diffusivity is not influenced by the surface treatments but 
increases when the moisture content of the interior of the soil is increased 
during the wet season. 

The investigations discussed in the present paper were conducted under 
the guidance of Dr L. A. Bamdas, Agricultural Meteorologist, Meteorological 
Office, Poona. The present v^iter is grateful to Dr L. A. Bamdas for the 
suggestion of the problem and to Dr C. W. B, Normand, Director-General 
of Observatories, for the facilities given for the work at the Meteorological 
Office, Poona. 
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Introduction 

C INOE the inception of the Sugarcane Research Scheme at Failegaon financ- 
»-^ed by Imperial Council of Agricultural Re.seareli, c.xi)erim(iiit.s” have been 
laid down on modern lines of field technique propounded by Dr. Fisher. To 
suit the local conditions, an experimental gro,s.s [dot size of 54 • 4-5 ft. >; 32 ft. = 4 
cents (4/100 acre) was considered convenient for e.xperimenls in this farm. 
This plot size covered eight rows of cane 4 ft. ajtai't and omitting one row on 
either side of the plot for border effect, and 4* 5 ft. on either end a net plot of 
2-5 cents (i.e. l/40th of an acre) was obtained. The [dant, population varied 
from 600 to 1000 in this unit plot-size dependimr on the variety. TJie main 
conditions of soil and growing of the crop in this area is as follows, whicdi differ 
from conditions of dry crop in Northern India ■ 

{!) Topography. -—’Pha soil is extremely undulating and i.s found to have a 
^aihent varymg from 1 m 100 to 1 in 300 on both sides which is not found in 
tne Umtra Pro vinces or Bihar where gradients are I in 1,000 to 2,000. 

^ (3) Cane grow%ng,—Cme is required to be irrigated throughout tlie year at 

intervals of ten days and hence cane is planted 4 ft. apart. Regular and even 
distnbntion of irrigation water is important for this crop. 

Mter one year’s experience with the above [dot size, the distribution of water 
crmwi^ gradients m the farm was found to be regular and jus a result crop 
fn « f perfectly uniform. The uniform growth of the (iron 

^ P^ot resultmg from even distribution of irrigation water removed one cause 
of vanabihty and gave satisfactory results. 

Still It was thought necessary to conduct a .special uniformitv trial to 
have convincing proof about the soundnefjs of the plot size already laid down 
and to s(» whether the plot size could not be further reduced which informa- 
tion would be useful in laying out future experiments. 
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Material 


Two aieas A and. B were planted with Co 360 cane in the first week 
0.1 March 1934. A short description of the two plots showing the details of 
t opograph y cultural operations, etc, is given below : — 


\ 

j. — - j . — . — 

Block A 

Block B 

Bemarks 

(1) Size • 

! 

B-W 192 ft. xS-N 253-4 
fb. equivalent to 1 acre 

4 - 6 gunthas 

E-W 132ffc. xN-S 483-4 
ft. equivalent to 1 acre 
18* 6 gunthas. 


• (2) Topography 

Depth of soil 9 in. to 12 in. 
Depth of sub-soil 8 in. to 

9 in. 

Lower strata of porous 
murum well drained 

Depth of soil 9 in. to 12 in. 
Depth of sub-soil 8 in. to 

9 in. 

Lower strata of porous 
murum well drained 


(3) Method imder 
' which cane was 

grown : — 

1 (1) Time of 

1 planting 

■ 

7 March 1934 

5 March 1934 


1 (2) Distance bet- 

ween rows 

4 feet . 

4 feet 

f 

1 (3) Seed rate . 

10,000 sets of three eye- 
buds each per acre. 

10,000 sets of three eye- 
buds each per acre 

5 

(4) Number of 

; irrigations 

33 

I , ■ 

35 

o 

CD 

1 CO 

i o 

1 (6) Maauxiog . 

1 

Farmyard manure at 25 
carts per acre applied 
on 19th February 1934. 
150 lb. of nitrogen was 
applied as top dressing 
in the form sulphate of 
ammonia and cake in 
the usual Manjri stand- 
ard method. 

Farmyard manure at 
25 carts per acre applied 
on 17th February 1934. 
150 lb. of nitrogen was 
applied as top-dressing 
in the form of sulphate 
of ammonia and cake 
in the usual Manjri 
standard method. 

0 

1 
> 

in, ■ ■ ■ ■ .. 

‘|r , ' (6) Earthing up 

The crop was hand wee- 
ded and earthing up 
was done by a plough 
on 1st July 1934. 

The crop was hand 
weeded and earthing up 
was done by a plough on 
2nd July 1934 


(7) Date of har- 
vest. 

The crop was out in strips 
of 10 ft. from 21st Jan- 
uary 1935 to 26th Jan- 
uai*y 1935. 

The crop was cut in strips 
of 10 ft. from 4th Febru- 
ary 1935 to 12th Feb- 
ruary 1935. 


(8) Yield ill tons 

1 . .. 

35-97 per acre a . 

26 *6 per acre 



A 
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. For purposes of this study after discarding guard, rows, all round, 32 rows 
each 2,40. feet long were taken from plot A, and 30 rows eac,.h 400 ..feet long from 
plot B. The rows were cut in sections of 10 feet .length. Thus t.liGre were 768 
ultimate units (10 ft. X 4 ft.) from plot A and 1200 units (10 ft. >; 4 ft.) from 
plots. 

StATISTIOAD ANALyS.IS , 

•The distribution of yields fro.m unit plots from both, the blocks were found 
to be nearly normal as the following constants show' 

Plot A : gi - —0*1059± 0-0839 
g2 = 0-861 ± 0*167 

Plot B: gi = 0-064 ±0-068 

0*050 ± 0-137 

The 768 units of plot ‘ A ’ were grouped to give plots one row, two row's, 
four rows and eight rows wide and 10 ft., 20 ft., 30 ft., 40 ft., 60 ft., 80 ft. and 
120 ft. long. The plots so formed were then grouped together to form four plot 
and eight plot (see below) Mocks in different ways. 

In the case of 1,200 units of plot B, the unit plots were grouped to give 
plots one row, two rows, three rows, five rows, six rows a nci tcm rows wide and 
10 ft., 20 ft., 40 ft., 50 ft., 80 ft. and 100 ft. long. Blocks were now formed by 
taking five plots together across row^s and along rows. 

In aH cases the usual method of analysis of varia,!H*e was adopted to 
remove the variation between blocks and thence to calculate tlie percentage 
standard error per plot for the particular case cousiricwed. In ahnost all cases 
there was an appreciable reduction in the variance by this |)roce>ss of elimina- 
tion of major soil differences. 

Table I gives the percentage standard ernn* per plot (coeiiicient of varia- 
tion) for both the fields for the different kinds of l>Iocks. For field A, four 
types of blocks have been considered, viz. four- plot blocks across mWH (i.a. ftlie 
plots lying in a line at right angles to the dimelion off he rows), four plot bloc-ks 
(in a line) along the direction of rows, four-plot blocks in two rows (c?ompaet), 
and eight plot blocks (compact only). In tlm last ease the blocks have heeii 
taken in as compact a form as possible. 


4-piot blocks 
across rows 


4 “plot blocks 

along rows 


4u)Iot hloeks 

mfnpact 


Diagram showing types of blocks. 
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For field B, five-plot blocks have been taken along rows and across rows 

As has been found usual in similar analyses wdth other crops as w^ell as 
sugarcane (for a faMy complete bibliography on uniformity trial data see 
Cochran [1937] and in addition Hutchinson and Pause [1935] and Macdonald 
(it al [1939]), tWe is a gradual decrease in the values of the percentage error 
per plot by an increase either in the length of the rows or by the inclusion of 
greater number of rows (i.e. by increasing the width of the plot). It is seen 
that the reduction in variation is more rapid by increasing the length of rows. 
There is also a definite advantage in the inclusion of greater number of rows 
per plot up to say between four and eight rows. In the latter case it is however 
evident that there is no proportionate gain in precision; for instance in 
doubling the size of plot from four rows to eight rows, the precision is not 
increased two-fold. These tables indicate that the usual plot size adopted at 
the station (vide introduction) is quite satisfactory from the point of view of 
precision, and any reduction in the size would diminish the accuracy of the 
comparisons. 

As regards the method of formation of blocks for removing major differ- 
ences in soil fertility, these tables show’" that in the case of small plots there is 
very little to choose as to whether the blocks should be taken across rows, 
along ro-ws or compact. In the case of bigger plots (of the type usually adopted 
in field experiments) there seems to be a slight advantage in taking the plots 
across the direction of rows. In field B however, five plot blocks along the 
direction of rows appeared better than across the rows. 

There is also very little difference in the standard of accuracy by having 
eight plot blocks or four plot blocks as far as the present data are concerned. 

In Table II plots of the same shape (i.e. length : breadth ratio) are group- 
ed together and in Table III plots of the same size, but of different shapes. 
For any particular shape, the bigger the plot, the less the variation wdthin the 
limits studied in this paper. 

Table III shows that contrary to the usual, amongst plots of a given size 
up to about 1/90 acre, the longer plots appear to vary more than the shorter 
plots, and also when the plots are widened by increasing the number of rows 
(the width being greater than the length) the variation is as high as in the case 
of long plots. When the plot size is greater than 1/90 acre, the longer plots, 
in general, show^less variation than the shorter plots. As the usual experi- 
mental plots fall within this range, the conclusion that fairly long plots are 
preferable to square plots seems to be supported by the present data. There 
seems to be also no advantage in having a large number of short row's per plot 
for sugarcane field experiments, i.e. for a given plot shape it is seen that it is 
more advantageous to have the longer dimension of the plot along the direction 
of row s than across. Similar results were obtained by Hutchinson and Panse 
[1935] working with Malvi mass-selected cotton data at Indore. 

Table IV gives the number of replications and area of land required to 
give a standard error of 2 per cent of the mean. This means that differences 
of over 6 per cent of the mean can be taken to be significant (P = 0*05). 
The numher of replications and area of land required is of course, dependent 
on the standard of accuracy required. When a smaller degree of accuracy is 
sufficient (say differences of 12 per cent of the mean), standard error has 
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only to be 4 per cent of the mean and the number of replications will be half 
of what it is in Table IV. 

A comparison of Tables IV A and IV B shows that the stundai’d eiTcn; 
and consequently the number of replications and arcii of land required ibr a 
given degree of accuracy are largely dependent on the amount oi‘ tieUu'ogeJK'ii v 
present. Field B as a whole shows greater vaj'iation for iho wliolo rangt* (d' 
plot sizes considered and hence the number of replications is also ibund to be 
comparatively high. 

Eppicienoy pee unit aeea op land 
TableVgivestherelativeefficienciesofplotsintheuseofiund. 'J'iio usual 
method has been employed in the calculation of these figures, 'rho ellif/iency 
of a particular plot has been obtained by mulfiplying the jierceiilagc variance 
per plot by the number of units used to make up'llic plol, (‘ unit ’ rehiriing to 
the smallest plot size used in the present daia), and taking the reciprocal. 
The smaller plots are seen to be comparatively niont efficient tiinn bigger ])lotK 
although from the point of view of agrieultiiiul eonvenieneo no one would lay 
out experiments with too small plots. From field A, (foni' plot, blocks) it will 
be seen that two-row plots 60 ft. to 80 ft. lung are almost as ffilicietit as tlie 
smallest-sized plots. When blocks are taken across rows, plots of80 ft. length 
and eight rows width also seem to be quite efficient . Wit h eight plot ’ hloffiis. 
however there seems to he no advantage in inercasing the iiumber of rows per 
plot beyond four. Here also the optimum length of rows appears to be (io 
to 80 ft. which is somewhat longer than the usual (dot length. On the basks 
of these figures also it appears that the usual plot size adopted in this station il 
fairly satisfactory. 

Field B shows that with five plot blocks l-he efficiemues of tlu> bigger-sized 
plots are comparatively very much lower. As a mutter of fact, int his area 
five plot blocks and ten plot blocks on the whole gave mucJi higher standard 
errors as compared to blocks with two , four etc. pklts. 'I'o study the iniitieuce 
of increasing the size of block, keeping the same plot .size, stl.ndard eirors 
were calculated separately for plot of size 40 ft. 20 ft. and this results are 
given below 


Niunber of 

Pereftit 

plots 

standani 

per block 

■ ■ error 

■ 2 ■ . 

11-86 

3 . 

IMO 

4 . 

11-66 

5 • 

17d)a 

6 . 

12-26 

10 * 

16-48 

12 

12-72 


This shows that for some particular numbers of plots per block, the precision 
may be high, the optimum number depending on tiic naf nre of t he field itsffif. 

In tnis field, there is vciy little diflfbronec between two, three or four ulot 

Mrh“ ^ 


an interesting conclusion, especially as the 
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rramber of plots ]ier block has assumed a new importance with the advent of 
the ‘ incomplete block systems of lay-out ’ the quasi -factorial as well as the 
symmetrical types. 

Summary 

The results of a uniformity trial on sugarcane conducted in two fields at 
Padegaon have been studied mainly with a view to examine the satisfactoriness 
of the usual plot size and shape adopted at the station, viz. (S4'44 ft. x 32 ft.) 
(eight rows 4 ft. apart) and it is found that under the conditions prevailing here, 
there seems to be no need for any appreciable change. 

2. When the plot size is greater than 1/90 acre, in general, the longer plots 
show less variation than shorter plots. That fairly long plots aie preferable 
to square plots is thus shown by the present data. 

3. When four plot blocks are considered, it is found that two-row plots 
60 ft. to 80 ft. long are almost as efficient as the smallest sized plots. When 
blocks are taken across rows, plots of 80 ft. length and eight rows width also 
f:eem quite efficient. 

4. With eight plot blocks there appears to be no advantage in increasing 
the number of rows per plot beyond four. 

5. It is also seen that there need be no restriction in the number of plots 
per block which might vary from two up to twelve depending upon the experi- 
mental treatments. 
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Table I 

Standard errors 'per cenl for plots of different sizes and hap v 


Row lengths in feet 


Number of rows 


Field A. — 4 -plot blocks across roum 


10 

26*00 

18*13 

1 I5-I3 

i. 

1 ' 12*44 

20 

19*53 

12*94 

! 9-59 

^ 7*55 

30 

17*04 

12*05 

j 9-00 ^ 

6*29, 

40 

15*92 

■IMS' ' 

i 7-18 ^ 

■■6*26; 

60 

12*11 

' ■ ■ ,7*90 ■ ■ I 

(1-33 

: 5*24 

80 

9*76 

i 

6*66 .■ 

5-09 

',.3*40." 

■ :i20 ^ i 

■V'-'l 

■9*15 1 

. 6*27 ! 

4-8r. 



Field A,— 4 '-plot blocks along rows 


10 

25-64 

■' 18*59 " 

■ :■ 15*34' 

20 

19*65 

13*37 

9*90 : 

.30 ' ■ 

17*09 

■■. 12*14 

''§•25 

60 

12*05 

9* or 

7*21'' 


12*07 
7 *38 
0*43 
0 ‘ 0 | 
5*43 


Field A,-—! -phi blocks cofnjKict 


27-22 

19*58 

17*52 

16*19 


.18*54 : 
13*05 
12*11 
12*11 


15*25 

9*24 

8*91 

7*27 

6*33 
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Table I — contd. 


. Bow lengths in feet 

1 ■ V' 

1 

f 

f — — — — 

■ 

Number of 

rows 


1 

1 

2 

4 

■ ■ 8 

f 


Field A. — 8 -plot blocks compact 


10 


27-02 

18-52 

14-96 

10-40 

f 20 


19-38 

12-96 

9-75 

8-05 

30 ' 


17-22 

12-05 

9-12 

6-76 

1 40 


15-48 

9-67 

7-88 

6-74 

60 ■ 

f 


12-04 

8-27 

6-68 

■■ 5-59 

j: 80 


9-61 

7-42 

6-74 


j 120 


9-04 i 

6-63 

6-11 


It ' ' ■ ■ , ' 

1 Bow lengths 

in feet i 



Number of rows 



10 


FieM, JB. — 5’‘plot blocks aoToss tows 


10 

31-44 

23-55 

24-10 

16-83 

1 15-17 

12-57 

20 

27-98 

18-82 

16-51 

13-65 

12-22 

10-25 

40 

24-24 

19-30 

18-28 

17-08 

15-76 

15-40 

50 


. 

•• ! 

i 


» 15-79 


* 15-04 

80 

21-41 

16-89 1 
! 

1 

16-88 

14-97 

14 -30 

13-81 

100 . 

i 

1 

! 

, ■ ■ i 

- * 

* 15-05 


* 14-32 


Field B, — 5 -plot blocks along rows 


10 

36-20 

24-13 

24-12 


12-30 

[ 20 

29-19 

18-95 

16-37 

. . 

11-81 

40 

21-38 

16-20 

12-88 


9-34 

1 50 

20-20 

13-62 

11-55 

t 8-60 

8-88 

1 80 

18-05 

^ 12-03 

10-57 


8-38 

■ 100 

St',. 

16-01 

10-88 

8-65 

tl 4 - 8 I 



* 4-plot Blocks (across). 
t4-plot Blocks (compact). 
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Table II-A 


{Field A.) 

Standard errors per cent of plots of different sizers arranged according 


Plot shape 
(length : 
breadth) 


along rows 


coiiipaet 


across rows 
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Table II-B 

(Field B) 


Hkm dard er rors per cent of plots of different sizes arranged according to shape 


■ Plot shape.,-'. 

Plot size 

5-plot blocks 

(length : breadth) 

(acre) 

across 

along 

25.: 1 . 

1/109 


16*01 

20:1 

1/136 

21-41 

18*05 

12*5:1 

1/218 


20*20 

10 : 1 

1/272 

24*24 

21*38 


1/68 

16*89 

12*03 

■ 5:1 

1/544 

27*29 

29-19 


1/136 

19*30 

16*20 


1/22 

* 16-06 

tl 4-81 

2-5:1 

1/1089 

34*44 

36*20 


1/272 

18*82 

18*95 


1/44 

* 16-79 

t 8-50 


1/11 

* 14-31 

1*25:1 

1/644 

23-65 

24*13 


1/22 

* 16-04 


6*25:1 

1/109 


13*62 

'"'■12 *5 :1 

1/64 


10*88 

•5:1 

1/218 

16*83 



1/106 

10*25 

• • 

.25:1 

1/109 

12*57 


.88:1 

1/363 

24*10 1 

24*12 


1/90 

12*22 

11*81 

1-7 -r'l 

1/181 

16-61 

16*37 


1/46 

15*76 

9*34 

3*8 

1/90 

18*28 

12*88 


1/22 

14*30 

8*38 

4*2 : 1 

1/73 


11*55 


1/18 


7*07 

6*7 :1 

1/46 

15*88 

10*57 

8*3 : 1 

1/36 


8*65 

1:1 

1/109 

13*65 



1/27 

15*40 


2, : 1 

1/64 

17*08 



1/13 

13*81 


4 . 1 

1/27 

14*97 


- '-2:1 ■ 

1/36 

" . » '■ 

8*88 

’4:1 

1/181 

16*17 

12*30 


*4-pIot blocks (across). t 4-plot blocks (compact). 
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Table IIT-A 

{FMd A ) 

Standard errors per cent of plots of different ,’firq.es 

i'URAL 

It! 

SCIKf 

d ate 

.’T'E , 

ordinfj h 

Plot- size 

Plot shape 
(length : 
breadth) 

i . ■ ■ . 

I 

I ■ 

acj’oss rows 

1 

4-plofc blo(/k. 

along 

1 t oinpnet 


1/1089 

2-5 

: 1 

26*00 

25-64 

27 

•22 

27* 

1/544 

5 

: 1 

19*53 

j 19 * 65 

19 

* 5S 

19* 


1-25 

: 1 

18*13 

18-59 

i 1 8 

‘54 

18* 

1/363 

7-5 

1 

17*04 

|. 17*09 

17 

•52 

17* 

i/272 

10 

1 

15*92 


1 r, 

- 19 

15 • 

2*5 

1 

12*94 

13*37 

! 13 

•01 

12- 


•625 

1 

15*13 

15 -34 

15 

* 25 

14* 

1/181 

15 

1 

12*11 

12-05 

: 1,2 

•15 ^ 

12*1 

3*75 

1 

12*05 

12-14 

12 

•If 

12-1 

1/136 

20 

1 

9-76 




9*1 


5 

1 

1M8 


; , 12 

‘1,1 

9 * 1 


1*25 

1 

9-59 

9-90 

: 9 

•24 : 

IP* 


•3125 

1 

12-44 

12*28 

12 

■67 ; 

!0.. 

1/90 

30: 

1 

9*15 


0 

83 ' 

!M 


7*5: 

1 

7-90 

9‘Of 

8 

27 

H • : 


i-S75; 

1 

9*00 

9-25 

8 

91 ; 

' . 9 • 

1/68 , , 

10: 

1 

6*66 i 




i * 


2*5: 

1 

■ 7 -IS . ■; 

• » 

7 

27^ 

7 * f'' 


■825: 

1 

7 ‘55 

7 ’46 

7 

38 i 

s*/ 

i/45 ' , / 

15 

1 

■■ 6-27 i 


7 

15 

6*1 

I 

3-75 

1 

'6-33 1 

"f‘21 

0 

33 

thi 


‘9375 

1 

6*29 1 

ii*43 

i i» ■ 

43 

0*: 

1/34 1 

5: 

1 

5-69 ! 




•*t • 1 

' ■ '■'! 

1*25: 

1 

6-26 1 

1 


6* 

in 

liM 

1/22 

7*5: 

1 

4-86 1 


5* 

i)i 

5 • 1 

'1 

1*875 : 

1 

5-24 , 

*5*57 

5* 

43 

5*5 

1/17 i 

2-5: 

1 

3-40 





1/1 1 -I 

•■S»75 : 

i 




i 

i 
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Table III-B 

(FieMB) 

Standard errors per cent of plots of different shapes arranged according to size 


Plot size (acre) 

Plot shape 
(length : 
breadth) 

5 -plot blocks 

across rows 

along rows 

1/10S9 

2*5:1 

34*44 

36*20 

1/644 

5:1 

27*98 

29*19 


1*25 : 1 

23-56 

24*13 

1/363 

•83:1 

24 10 

24.12 

1/272 

10: 1 

24*24 

21-38 


2*5: 1 

18*82 

18*95 

1/218 

12*5 : 1 

• « 

20*20 


0*5 : 1 

16*83 


1/181 

1*7:1 

16*51 

16*37 


•4:1 

15*17 

12*30 

1/136 

20: 1 

21*41 

18*05 


5:1 

19*30 

16*20 

1/109 

25 : 1 


16*01 


6*25 : 1 


13*62 


1 : 1 

13*65 



•25 : 1 

12*57 


1/105 

0*5: 1 

10*25 


1/90 

3*3:1 

18*28 

12*88 


0*83:1 

li*22 

11*81 

1/73 

4*2:1 


11*55 

1/08 

10 : 1 

16*89 

12*03 

1/64 

12*5:1 


10*88 


2 : 1 

i7*08 


1/46 

6*7:1 

15*88 

10*57 


1*7 : 1 

15*76 

9*34 


2*5 : 1 

*15*79 

ts-so 

1/36 

8*3: 1 


8*66 


2*1 : 1 


8*88 

1/27 

4:1 

14*97 



1 : 1 

15*40 

. . . ■ 

1/22 

6:1 

*15*05 

tH*81 


3*3:1 

14*30 

8*38 


1*25:1 

*15-04 


1/18 

4*2:1 

■ "1 

7*07 

1/13 

2:1 

j 

13*81 


1/11 

1 2*5:1 

*14*31 



blocks, (across). 


-..t-4.-45lQt_blacks ^oompact).. 




THE INDIAN JOUENAL OP AGSICULTURAL SCIENCE 


Table IV-A 
{Field A) 

Number of replications and area of land required to give a standard error of 2 pe 

cent of the mean 


Total area (■l-plofc hloffo) 


8-plofc 

blocks. 


Plot, size 
(acre) 


nisv< 


Number of replications (4-piot 
Blocks) 

1 : 

h) Across 
rows 

1 

j AlOllR 
rows 

Compact 

i’ 
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Table IV-B 
{Field B) 

Number of replications and area of land required to give a standard error of 2 per 
j cent of the mean 


‘p- 

I 

^ Plot' sii?;e 
'(acre) 

Plot shape 
(length : 
breadth) 

1 Isfumber of replications 
(5-plot blocks) 

j Total area 

Across rows 

Along rows 

Across rows 

Along rows 

! 

1/1089 

2-5:1 

296 

328 

1*36 

1*50 


1/544 

5:1 

196 

213 

1*80 

1 *96 

r- 


1-25: 1 

139 

145 

1 1*28 

1*33 

Ir; ■ 

1/363 

o 

00 

145 

145 

2-00 

2-00 

:|'v' 

1/272 

10: 1 

147 

114 

2-70 

'2*09 

i, 


2-5:1 

88 

90 

1*62 

1-66 

i 

1/218 

12-5: 1 


102 


2*34 

I- • 


0-5: 1 

7i 


1*63 


f} 

1/181 

1-7 : 1 

68 

67 

1-88 

1*85 

? 


0-4:1 

57 

38 

1*57 

1-05 

i 

1/136 

20: 1 

114 

81 

4*19 

2-98 

1 


5: 1 

93 

66 

3*42 

2*43 

t' 

1/109 

26: 1 

• « 

64 


2-93 



6-26 : 1 

. . 

46 


2-11 



1 : 1 

46 


2*ii 




0-26 : 1 

39 


1*79 


f 

1/106 

0*5:1 

26 

. . 

1*24 


If' ' ' " . ' 

1/90 

3*3 : 1 

83 

41 

4*61 

2*28 



0-83:1 

37 

35 

2-06 

1*94 

f' 

1/73 

4*2:1 


33 

. . 

2*26 


1/68 

10: 1 

71 

36 

5*22 

2*65 


1/64 

12*5: 1 

, , 

29 


2*68 



2: 1 

73 


e'-h 


1 

1/46 

6-7:1 

63 

28 

7-00 

3*11 



1*7 : 1 

62 

22 

6*89 

2-44 

f 


2-5:1 

=^62 


5*51 

1*60 

li. . " . 

! 

1/38 

8*3:1 

« • 

19 


2*64 



2*1 : 1 


20 

. 

2*78 


• 1/27 

4:1 

56 


10*37 




1 : 1 

59 


10*92 

. , 

4' 

1/22 

5:1 

*57 

t55 

*10-36 

tlO-00 



3*3:1 

51 

17 

11*59 

4*86 

1 

I'i . 


1*25: 1 

*56 

. . 

*10*18 



1/18 

4*2: 1 

. . 

12 


3*33 


1/13 

2: 1 

48 


18-46 



1/11 

2*5: 1 

*51 


*18-64 

* * 


*4-plot blocks (across). t4-plot blocks (compact.) 
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Table V 

Efficiency of phis in use of land 


Field' A. — 4 -plot blocks compact 


Bow lengths in feet 

Number of rows 


1 

2 

i 

4. 

■ 8 . 
i' 


1 ' 

Field A. — bloclcs across rows 


iO . 

100 

102 

98 

66 

20 . 

88 

101 

92 

74 . 

30 . 

77 

77 

69 

71 

40 . 

66 

67 

82 

64 

60 . 

76 

90 

70 

61 

80 . 

89 

95 

65 

91 

120 . 

67 

72 

60 



Field A,— 4 -plot blocks along rows 


10 . 

100 

• 96 

69 

64 

20 . 

86 

92 

84 

74 

30 . 

76 

74 

64 

66 ' 

40 . 


1 



60 . 

76 

67 1 

63 

' 44'.' ■ 

80 . . 


. . . 1 

. . 


120 . 


j 
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Table V — contd. 




Number of I’ows 

Bow lengths in feet 

1 

2 

• 

; 8 ' 


Fields A» — 8 -plot bhchs compact 


10 

100 

106 

81 

84 ' 

20 

97 

109 

96 

70 

30 

82 

84 

73 

66 

40 

76 

97 

73 

50 

60 

84 

89 

68 

49 

80 

99 

83 

69 

» • 

120 

74 

69 

58 

• - 



Number of 

rows 


Row lengths 
in feet 

I 2 

3 

5 . 6 

10 




INTERSPECIFIC HYBRIDIZATION BETWEEN ASIATIC 
AND NEW WORLD COTTONS * 

BY 

K. C. AMIN, B.Aa. 

Department of Agriculture, Bombay 

(Received for publication on 27 May 1939} 

(With Plates IV and V) 

Intkodtjction 

IT is a well known fact that cotton presents two taxonoinically different 
Igroups, associated with differences in chromosome numbers. Cultivated 
cottons have been grouped as Asiatics or Old World cottons with 13 pairs of 
chromosomes and New World cottons with 26 pairs of cliromosomes As a 

rule, hybridization within one group leads to fertility and between tiie -^rnuns 
to sterility. - . t,ioups 

Recent cytological researches have brought to liglit some now facts con- 
cermng various wdd species of cottons, and it has been shown [Slnnwipd 
1934] that New World cottons with 2»=52 chromo-somes are proballlv amr)hi- 
diploids resulting from chromosome doubling in a iiyl>rifl betucen an Asiatic 
cotton with 2n=26 and a wild American exitton with 2 m-= 26 chi-omo.somes 
S[lS8r^^^ some doubts in this connection have been e.vpresscd by 

In Asiatic group, Surat cottons represent the high water icvel of oTnlif-x- 
ootta, i„ India. The highest .ptahij valae yet alWned i„ mn- ilf iyni 

sj)inning 1o tliis limit are in 

sis 

On the other hand. New World cottons including i'ariou.s American 
fiffS Sea-Island types which are reputed for long, silky and slrom’^ 
and ieafe possessmg very high spinning value),’ biuuer bolls 

t imported and efforts made to introduce f.hem 

ii oeneral cultivation in vanous cotton growing tracts of India. But, such 

iSTJn f most cases met with indifferent sueceas. especiidiv with 

® Ri^iiwn? and Egyptian. 

In view of this situation, it has often been su-mestod ‘wbv not cross 

"'^The wS S??' ^ for cultivation 

S cotton 'in « L f °ombmmg the good qualities of both these groups 

a cost spZ^'owa Committee at 

1938. The aim of thfsttomrk in from I Novmnbor 

cottons with the superior fibre qualities of the Nw ^rid 
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Pbevioits wobk 


' The recorded evidence of efforts at hybridization between Asiatic and 

New World cottons begins with Major Trevor Clarke’s experimental work 
in the seventies of the nineteenth century. He failed in the attempt and, 
as quoted by Watt, is reported to have said, ^ I strongly doubt the possibility 
of any cross between exotics and Indian sorts, and fear you will be disappoint- 
ed in this respect when yoiir plants come to perfection’. However, it is 
curious that Watt himself took it for granted that hybridization between 
these two groups was possible [Harland, 1928], and the natural evolution of 
some forms of cottons is attributed by him to this source. MeU. [1897] reported 
complete failure in obtaining successful hybrids between American and Indian 
types. Webber [1905] was unable to cross ^ Aiden ’ cotton (as quoted by 
him), which he classified as O. herbaceum^ with varieties of either Sea-Island 
{Q. barbadense) or Upland ((?. hirsutum). Gammie appears to have been the 
first to obtain successful hybrids between these two groups, as reported by 
Watt [1907] and by himself [Gammie, 1905]. He produced hybrids between 
0. hirsuttimxG. obtusifolium., G. hirsntumxG. roseum and G. arboreMmxO. 
hirsutum, but nothing further is known about the results of his work. 

The main credit must go to Zaitzev, who tackled the problem systemati- 
cally and was able to get two hybrids between (?. herbaceumhxG. hirsutum. 
He crovssed nearly one thousand flowers by his method of complete emascula- 
tion of removing the staminal sheath and obtained two hybrids thus giving 
' 0*2 per cent success. He observed that only a few seeds were obtained per 

i boll in. case of crossed bolls. Five more hybrids of the same parentage were 

I also observed by his assistants in the field as natural hybrids. As all his 

I hybrids proved completely sterile, he abandoned the hope of getting anything 

further from them, and finally regarded them as useless. 

: Accordingly, many workers endeavoured to get hybrids between these 

groups but were unsuccessful and, in consequence, it came to be generally believ- 
ed that hybridization between the two groups was not possible or that hj^^brids, 
if produced, were sterile and of no further potentialValue. However, Vycotski 
[1930] reported upon the revival of such work on a large scale at Taskhent, 
and stated that the percentage of natural crossing between varieties differ- 
ing in chromosome numbers was generally less than 0*003 per cent. Later, 
Kanash [1932] reported that he had been able to get 56 hybrids between various 
i American and Indian types and had succeeded in inducing fertility in them 

by backcrossing. He observed that the percentage of successful hybrids in 
individual classes varies to a somewhat high degree, i.o., from 0*13 to 2*5 
per cent ; this variation being observed both between different crosses and 
in one and the same cross in different years. On the whole, success percentage 
varied from 0* Oil to 2* 25. He gives details of the phenomenon of occurrence 
of one seed in hybrid boUs as observed by him. Nakatomi [1931] got six 
hybrids between Asiatic and New World cottons. He crossed thousands of 
; flowers, and his percentage success seems to be very low. Longley [1933] 

reported a hybrid between these two groups. Feng [1935] stated that he 
; had obtained a few hybrids between (?. and G. nankiug with G. 

barhudense and G. hirsutum. Hecrossed 1,700 flowers and got seven hybrids, a 
percentage success of 0 • 4. He also observed the phenomenon of the occurrence 
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(6) Methods 

In the beginning, the technique of hybridization was the one that is 
commonly followed, viz. emasculation by removing anthers with a pair of 
forceps and protecting the emasculated flower wdth a paper bag. Modifica- 
tions of this technique were made in course of the work, and later on, the 
method advocated by Doak [1934] was adopted, i.e. the splitting of the Btami- 
nal column with the finger nail and the removal of the entire corolla with 
the whole andrsecium in a single piece. This method removes everything 
from the flower except the pistil which is thus exposed completely. It also 
ensures less chance of pollen remaining on the corolla and andraecium on 
account of chance breaking of anthers. The flowers were emasculated in the 
evening of the day preceding anthesis and enclosed in paper bags. Pollina- 
tion was done next morning. This method however was found to work 
well with American types in which the flowers are bigger than in Indian types 
where the operation of the removal of the corolla by the finger nail proved 
to be liable to compress the delicate soft every or to rupture the thin style. 
Hence, with Indian cottons, emasculation was done by removing the corolla 
with a scalpel and the anthers by a pair of forceps. This operation was done 
early in the morning of the day of anthesis and is facilitated by the large size 
of the bud and by the fact that the anthers in these cottons do not burst so 
early as in New World cottons. 

The hybrids are self-sterile and in order to utilize the large number of 
flowers opening on them, dusting of open flowers with the pollen of parents 
was done for backcrossing and the crossed flowers were left unprotected. 
A careful watch was kept on developing bolls which were protected against 
damage by boll worms with paper bags with their mouths tied with a piece 
of thread. The thread of the label, attached to the boll for identification was 
used for the purpose. This technique has been found to give satisfactory 
results. In adition, aU flowers, other than pollinated ones, were removed 
from the parent plants. This operation prolonged flowering and facilitated 
the work of hybridization. The seedlings were first raised in pots under 
protection and then transplanted in the field. 

(c) Eesults of experiments, 1932-1938 

To begin with, methods advocated by Desai [1927] were given a trial, 
but without success. Desai [1927] obtained 12, 20 and 0*5 per cent success 
by painting the stigmas with citric acid solution, citric acid plus cane sugar 
solution and without any treatment of the stigma respectively. No success 
was however obtained by the author by the use of citric acid solution or cane 
sugar solution alone or in combination. Kanash [1932] and Webber [1936] 
also failed to get any results by painting stigma with various solutions and 
the latter thinks that the reported success might be due to the development 
of parthenocarpic capsules. The writer agrees with Webber as he found that 
parthenocarpy is pronounced in cottons and one gets bolls -res^bling empty 
shells with a few immature seeds, some of which even show slight immature 
lint developed on them particularly in those cases where only a few bolls are 
left developing on the plants. 


408 


THE INDIAN JOUENAL OP AGEICULTUEAL SCIENOE 


Crossing and backcrossing work was undertaken on an extensive scale 
(Table I). The results obtained show that success can be had in hybridiza- 
tion between the two groups of Asiatic and New World cottons. The F, 
hybrids have been successfully raised as also the backcrosses to New World 
cottons resulting in plants with some characters inherited from either group 
together with induced fertility. 

All the hybrids and backcross plants are being maintained as ratoons. 
With a view to further propagation and maintenance, vegetative propagation 
by layering, cuttings, and grafting has been tried. Layering in unsucSjssful 
while cuttings give var3ring success from 10 to 25 per cent. Grafting is very 
successful and a number of grafts have been secured by simple approach 


and bottle grafting methods 


Discttssion 


From the foregoing account of the work done at Surat and from 
reference to provious literature on the subject it can be said that 

(1) It is possible to secure hybrids between the two groups of Asiatic 
and New World cottons differing in chromo.some number. 

(2) The fact that very few hybrids have been obtained by various work- 
ers, coupled with the similar experience at Surat, shows the difficulty in- 
volved but, as stated by Kanash, it can be safely concluded that to succeed 
in the attempt crossing must be resorted to on a large scale. 

(3) All the Fj hybrids reported above, have proved to be self-sterile. 

However, backcrossing to higher chromosome parent lias been suc(!e.ssful as 
.shown by the experiments of Desai, Kanash, Harlan d, Nakatomi, Patel and 
the author at Surat. This is very encouraging as it indicates the wav out of 
the impasse of sterility. So far, results of induced fertility by repeated back- 
orosssing to higher chromosome parent have been reported imlv by Russkn 
workers and by Harland. « • 

(4) Percentage success in hybridization : It may i)c deduced from the 
previous literature as well as from the experience at'Surat that success per- 
centage is My to vary from 0-01 to 2-6 in crosses between these two grtmps 
of Asiatic and New World cottons. 

_ Thomson [1930] has summarized the literature as regards relative difference 
m success of reciprocal interspecific hybrids and concluded that more .success 

chromosome number is 
that better results 

fi+1 wi + Asmtio types were used as the female patent. Kanash 

equally possible and successful. However, 
ser exammation of his data indicates that the percentage success is greater 

niint Chromosome number is\sed a.s thefeS 

femSe ^ statement to the effect that whenever the 

the higher number of chromosomes more success 
^ is Obtained. The data presented here also confirm this conclusion 

backcrossing a simdar phenomenon is observed. Success has 
hybrid (which has higher chromosome number) 

S hfi ^ of two species entering into 

s , backcrosses are successful with higher chfbmbscSme parent ^ the 


Remits of hybridization between Asiatic and New World cottons and the hybrids baohcrossed to the parents 






' !-v ">y 










HI] HYBRJ.XJIZATION BETW AND NEW WORLD COTTONS 411 

pollen parent. Harland .wlio was foremost in trying backcrossing ,on a large 
scale in interspecific hybrids, has shown that success is only obtained when 
pollen from a parent with higher number of chromosomes is used on to the 
flowers of the hybrid plants. Nakatomi and Kanash have obtained success 
in backcrossing when a male parent with higher number of chromosomes 
was used. It may be noted that in backcrossing, no success has yet been 
reported when Asiatics, or the species with the lesser number of chromosomes, 
is used as one of the parents. 

(5) Size of bolls and number of seeds per boll in crosses : The peculiar 
phenomenon of the occurrence of only a few seeds per boll in case of crossed 
bolls in species crosses has been observed by various workers. Thirty-two 
seeds from twenty-one crossed bolls were obtained, the average number of 
seeds per boll coming to 1-52, thus confirming the observations of the various 
workers. In backcrossing, the formation of bolls on the hybrids shows a 
similar phenomenon. Only one seed per boll is the rule with few exceptions. 
The total number of bolls obtained from the F^ hybrids in the three seasons 
was 88 giving 95 seeds. 

(6) General characters of the Fj hybrids : — 

{a) Hybrid vigour : All the Fj hybrids showed very marked hybrid 
vigour. They were more than three to four times the size of the 
parents (Plate IV). 

(b) Other characters : In many characters, these hybrids are generally 

intermediate (Plate IV). The hairiness, shape of leaf, colour of 
petal, colour of pollen, etc,, are all intermediate. The petal 
spot of Indian cottons is dominant but the intensity varies in 
different hybrids. There is a peculiar phenomenon in that the 
presence of various grades of spot, or even its complete absence, 
occurred on different branches of the same hybrid plant, Zait** 
zev noted a similar phenomenon in his hybrids. These varia- 
tions of the different grades of spots, or their complete absence 
on different branches of the same plant, are such that by vege- 
tative propagation of such branches plants showing these differ- 
ences were raised. In case of Arboreum crosses, the antho- 
cyanin pigmentation on plant body, leaf and flower is reduced. 
The flower colour is in accordance with Harland's description, 
viz. 'yellow with a red flush at the petal edges. Spot inter- 
mediate between the patents \ 

(c) Sterility : As mentioned before all the hybrids proved completely 

self-sterile, except in so far as a few seeds could be procured by 
backcrossing with New World parents. 

(7) Inducing fertility by backcrossing on Fj^ hybrids : During the last 
three seasons, out of twenty -three F^ hybrids, thirteen ha-ve set bolls on back- 
crossing with the New World cottons as pollen parents, and, as a result, twenty- 
seven baekcrossed plants have been raised therefrom. The setting of bolls 
on backcrossing has been rare, but it is worth noting that one hybrid (Dharwar 
American X 1027 ALF) F^ — ^Hybrid No. 2-4^ (which on cytological examina- 
tion has been found to be a tetraploid)* has set a significantly large number 
of bolls consistantly during the last three seasons, the success percentage being 
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0-16, 0-49, and 0-21 for each of these seasons respeetivety. In fact, out of 
the twenty-seven backeross plants at present on hand, fifteen are derived 
from the tetraploid hybrid. 

(8) Fertility in first backeross population : Of the twenty -seven plants 
grown, fifteen have set bolls on second backcrossing or selfing. Special 

may be made of a fully fertile plant No. 22 (Plate V). It has a red 
plant body and red flower colour with petal spot inherited from Asiatic parent. 
The character behaves as a simple dominant one as observed in the selfed 
and backcrossed progeny plants, with varying intensity of its expression. 
The progeny of first backeross plant No. 22 is fully fertile (Plate V). Normal 
setting of boUs also occurs by using this plant as a male or female parent in 
crosses with New World cottons. The fertility observed in most of the first 
backcrosses is encouraging in comparison with the results obtained by Har- 
land who got full fertihty after four backerossings. 

(9) There are many known physical and chemical treatments for getting 
fertility in interspecific hybrids by inducing doubling of chromosomes. Not- 
able among these are, physical injury by wounding, ringing or callus formation, 
heat and cold treatment. X-ray applications, the use of clmmieals, o.g. anes- 
thetics and narcotics such as chloroform and colchicine. Of those methods, 
wounding and ringing have been practised but without success. Trials were 
made at callus formation and though such is po.ssible in cottons, sprouting 
of shoots from the callus did not take place. Anneslhetic like chloroform 
was also used but without success. The use of eolc-hicinc as an agent for 
inducing doubling of chromosomes appears to be promising, and ex[)eriments 
with it on cottons are being conducted by the author and results are awaited. 
If some such method proves successful, the cpiastion of imhicing polyploids 
in cottons will be an easy task opening up a wide field for further research. 

Summary 

After summarizing the general position of interspecific hybridization in 
cottons, with references to the literature on the subject, details of similar 
work carried out at Surat for six seasons from 1932-38 are given. 

In aU, 23 Fj hybrids between Asiatic and New World cottons have been 
grown. Backcrossing to New World cottons has pi-ovod succes.sful and, as a 
result, twenty-seven first backcrosses have been obtained, many of which 
have also shown fertility through second backcrossing and selling. 

Data regarding the percentage success in hybridization, hybrid "boll chara- 
cters, general characters of the hybrids including sterility and fertility are 
discussed. 
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A PRELIMINARY STUDY WITH YOUNG LEAF COLOUR AND RIPE 

PERICARP COLOUR 

BY 

R. L. NARASIMHA SWAMY, M.Sc. 

(Received for publication on 27 July 1939). 

iNTKODtrCTIOH AND HISTOHICAL 

'^HE colour of young leaves and the colour of pericai'p of ripe fruits of 
A Coffea arabica L. show well-marked diH'ereiices. .Sometimes varieties 
and strains have been distinguished by these charac-ters. I’a.sciidjian [1932] 
reports that Gafe Bourbon is ‘ to be distiuguished by the light greeii (iolou'r of 
the young leaves in contrast to the reddish to broiiz(M>f lho.s(? of C'u/J Karionul ' 
Krug [1935] mentiom, ‘‘ Como e do cmhecimnilo don Irabtilkam corn a 
Botanica do cafeeiro, constatam-se as sec/umtes cm-ps nos brolos do cafedro : a verde 
(com diversas tonalidarles desde Vbrde quasi Immco a uni verdo escuro), cue 
caracteriza os representanies typicos das variedad/s Mokka, Ijiurina, Murta 'e 
Bourbon ; b) bronze {de bronze claro ate muito cscuro) encontrado, de preferencia 
nas variedades arabica typica {Nacional inrlnhuh a forma mpii rhamada de cafe 
Sumatra) e amarella {Amarello de Botucatu) e,f nalmmie, c) pmpmreo caracteris- 
tica da variedade purpurascens ‘ Cafe Boxo Aliout the colour of pericarp 
of ripe fruits Krug [1936] mentions, ‘Com rclacdo car dos frndos present- 
mente nada podemos adeantar eomo, e sabido, a cor 7 )ermpVta e a mais eommum 
sendoa amardla caracterisUca da var Amarella. {Amardh de Botucatu) e dm 
variedades (?) Maragogipe e Bourbon Amarellm. A variedade Purpurascens 
caracteriza-se por fructos tambem arroxeados." 

Recently, genetical work has been carried on using the colour of younu 
leaves and the colour of jjericarp of ripe fruits a.s cha racters for the study of 
inheritance in coffee. Krug [1936] mentions that controlled pollination' has 
shewn a number of the plants selfed to be heterozygous. Bronze colour of the 
young leaves was dominant (though incompleteh'j to green ; both thc.se were 
dominant to purple. Stoffels [1936] de.serihes tlic ‘ behaviour of Iwt^ groups 
of arabica coffee, one with brown leafed terminal shoots BB and the other with 

green, BY The effect of the environment on variation was very 

marked but the BB group proved much more adaptable than the BV f^rou'p 
and less susceptible to diehack and black tip and to over production. “ 

‘ Most of the BB strains tested were homozygous with regard to the 
colour of their terminal shoots but in some cases, although the numbers were 
too small for certainty, there were indications of a monohybrid ratio for the 
characters BB and BV. Which character was dominant depended on the 
mother plant. He reports again, ‘ It was observed that the progeny of the 
so-called local varieties were some (BB) and some (BV) while those of the 
introduced coffees were all (BB).’ [Stoffels, 1937]. 
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Bealmg with fmit coloBr TascMjian [1932] mentions, ' The results of the 
cross D^Utra X Amarello indicate that the yellow colour is dominant to red.’ 

Goff PM arabica L. is not the only species in which the pigmentation of the 
lea¥es^ has been made nse of for genetical study. Lewis and Crane [1938] 
have investigated the anthocyanin pigmentation of leaves and shoots of 
apples. They mention, ^ The anthocyanin coloration is a convenient character 
for genetic study, as it develops in the early seedling stage and the plants can 
be scored and the majority discarded while quite small, thus obviating the 
labour and expense of growing trees to maturity.’ This fact may also be made 
use of with coifee. 


Matebiau and methobs 

A large number of varieties and strains of Ooffea arabica L. has been 
collected and plants have been raised from these at the Government Coffee 
Experiment KStation, Balehonnur. Several mother plants were selected from 
among these. For progeny tests seeds were obtained from the mother plants 
by controlled self-pollination. The seedlings raised have been planted in the 
field. The progeny of each mother plant is numbered. Thus, family 288 is 
the progeny of the mother plant S. 26. The mother plants and selections in 
their progeny have been crossed with pollen from Kent and Coorg strains of 
arabica mSee, These several families as well as the different strains and 
varieties formed the material for observation. 

The characters studied were colour of young leaves and colour of pericarp 
of ripe fruits. The colour of young leaves that have just unfolded from the 
leaf bud was studied as, during the attainment of matxirity the different colours 
change to the normal green colour. In the text wherever the colour of leaves 
is mentioned it refers to the colour of young leaves that have just unfolded 
from the leaf bud. 

Three groups have been distinguished for the colour of young leaves viz. 
copper, brown, and light green. These appear to correspond with purple, 
bronze, and green colours of new leaves in Fig. 3 of Krug [1936]. 

While in the light green colour group the colour of leaves is uniform the 
same cannot be said of leaves in the copper and brown groups. Within the 
copper and brown classes the amount of coloration varies from only a slight 
tinge of copper red or brown to intense copper red or brown. There is no 
difficulty, however, in distinguishing the two groups. In this paper only the 
three broad classes— copper, brown, and light green— have been distinguished . 

Pericarp colour of ripe fruits falls into two groups, viz. red aiid golden- 
yellow. These appear to correspond with red and yellow colours of fruits in 
Fig. 4 of Krug [1936]. 

Desobiptiok 

* ^ Kent’s strain of arabica coflFee has young leaves with copper colour. A 
major portion of cultivated coffee on the Station— Coorg strain— has copper 
leaves, a minority having brown leaves. Both the' strains produce fruits with 
red pericarp. Golden Drop coffee— known, as Amarella in Brazil [Cramer, 
19131- is characieiized l>y light green leaves and frmits with golden -yellow' 
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pericarp. , Ifikei&perjrfed among the cultivated coffee wherein supply-planting 
has been carried on for some time^ are a number of plants that have light green 
leaves and goiden-yallow pericarp. , All the observations I have made so far 
indicate that plants with copper and brown leaves have red pericarp, and, 
plants with light green leaves have golden-yelow pericarp. 

Table 1 

Segregation in 1st ani 2nd gmeraiion progeny of mother plants 



Progeay 
Mother plant Family 
iSTo. 


Colour of 
leaves of 
mother 
plant 


Colour of 
pericarp of 
mother 
plant 


Colour of leaves of progeny 
No. of ijlaats with 


Colour of perhtarp of 
progesiy No. of pJuuts 
with 


Light green Golden-yel- 
low 


I Light green ! Goldea-yel- 
I low 


Copper 

Brown 

Light 
; green 

Bed 

Golden- 

yellow 

24 

22 

84 

88 

13 

t 4 

1 58 

13 

21 

4 

I’i 

: 14 1 


... 

12 

33 

' 80 1 

45 

30 

22 

36 i 

27 i 

... 


16 

10 ; 

i 

8 j 

#»* 


8 

7 1 

0 i 



18 

15 1 

0 : 



170 

50 ! 

i 

0 i 

238 

0 

60 

23 

0 



0 

0 

12 

... 

.1*' 

0 

0 i 

16 


... 

0 

0 1 

67 



16 

18 = 

14 

33 ■■■■ 

■ 14 

7 

23 , 

0 

30 

0 

0 

7 

24 

7 

24 

0 

72 ; 

32 

72 

32 

287 

64 1 

0 ; 

301 

0 

26 

0 1 

0 

... 

... 

48 

23 

0 

m 

0 

100 

0 

0 

100 


128 ■ j 

0 

0 j 

p«#' ' ' ' !' 


100 ' 

0 

0 

100 i 

0 

64 

0 

0 

' '♦». ' 


100 

0^ 

0 

100 1 

, ■ . .1 

0 


have not fruited. 


- iu those families 


s WW to tteir fl«t wW„X pSr We eii 
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leaves. Second generation progeny of S 44 obtained from selfing one plant 
with copper leaves in the first generation, have only copper leaves. 

^ In its first generation S 26 has segregated ; there are plants with copper, 
brown, and light green leaves. Second generation progeny from selfing three 
plants with copper leaves in the first generation, have copper and brown 
leaves ; second generation progeny from selfing three plants with, brown leaves 
m the first generation, have copper, brown, and light green leaves ; while, 
three families from selfing one plant with light green leaves in the first genera- 
tion, have all light green leaves. 

S 32 and S 48 have segregated in their first generation : progeny of S 32 
have copper, brown, and light green leaves ; and', the progenv of S 48 have 
copper and brown leaves only. 

^ The first generation progeny of S 13 and S 63 have brown and light green 

Table II 


Results of crossing mother plants and their progeny with Kent and Coorg strains 


Parents 

Pamily 

No. 

Colour of 
leaves of 
parents 

Colour of 
pericarp of 
parents 

. 

Colour of leaves of 

Fi Hybrids. 

No. of plants with 

Colour of 
pericarp of 

Fx Hybrids. 

No. of plants 
with 



Female 

parent 

Male 

parent 

Female 

parent 

Male 

parent 

Copper 

Brown 

Light 

green 

Bed 

Golden- 

yellow 

S 44 § X Kent ^ 

351 

Copper 

Copper 

Bed 

Bed 

112 

0 

0 

112 

,0 

S 44 $ X Coorg . 

352 



>» 


79 

' 0 

0 

79 

0 

S 26 § X Kent ^ 

327 

Brown 

>» 

»» 

/ 

145 

133 

12 

278 


S 26 § N 286-14 (Kent) 

490 



»» 

ft 

72 

32 

1 

104 

S 26 5 X Coorg 

516 

fP 




46 

22 

0 



288-20 $ X 286-14 ^(Kent) 

493 




tf 

32 

11 

0 

43 

0 

288-20 9 X Coorg ^ 

518 

■ 




125 

72 

0 



288-58 $X 446-11 ^ (Kent) 

669 

Light 

green 

>» 

li 

II 

»» 

110 ! 

29 

0 



446-11 9 X 288-53^(Kent) 

571 

Copper 

Light 

green 

Bed 

Golden 

yellow 

06 

34 

: ' 0 


! 

S48<JxKent(J . 

395 

Brown 

Copper 

” 

Bed 

88 

'■ 14 

i . 0 . 

; ■ ■ . 

102 

0 


iV.S.— The blanks in the last two columns indicate that the plants in the families 
have not fruited. .. . ■ 


* Of the 12 plants with light green leaves in the family only two have fruited. 

, ; S 44 has been crossed with poUen from a Kent and a Coorg plant. The F, 
hybrids have all copper leaves. 

_ On crossing S 26 with poEen from two Kent plants the F, hybrids ob- 
tained have copper, brown, and light green leaves ; whfle, crossing S 26 with 
opUen from a Coorg plant the F^ hybrids have copper and brown leaves only. 
Une plant with brown leaves in the first generation progeny of S 26 has been 
crossed mth pollen from a Kent and a Coorg plant. The F^ progeny have cop- 
per and brown leaves. * 
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The ,Fi plants from. the X Kent have copper and hrowii loaves. 

One plant with light green leaves in the first generation progeny of K 26 
been crossed reciprocally with a Kent. In both the crosses tlie hylirids 
have copper and brown leaves, , 


TabiiE III 


Reciprocal intercrosses in the first generation progem/ of 26 


Colour of leaves of parents 


(‘olf)nr of leavf^s of r, hyliriils 
No. of piurits with 


Female parent | Blale parent. . Coppra’ Brown I Llu;hf. 

I ! i green 


288-20 $x 288-53^ 
288-53 $ X 288-20 ^ 
288-23 $x 288-53 ^ 
288-53 $x 288-23 ^ 


562 Brown 

566 Bight green 
564 Copper 

567 Light green 


1 Light green 


I Light green 


The plants in the families have not fruited. 

When plants with brown and light green leaves in the first genera 
progeny of S 26 are reciprocally crossed the Fj progeny ha\'X3 copp(n% brt 
and. light green leaves,. The plants with light green leaves are in exeass. 
crossing reciprocally plants with copper and liglit green leaves in the 
generation progeny of S 26, the F^ hybrids have copper, brown, and 1 
leaves. The plants with light green leaves txro in a. minority. 


Discussion 


Krug [1935] reports, ‘ Oonstataram-se as rites ronimoefi de dominan- 
cia : Bronze e, incornpletain&nte dominante sobre vordc, sobre os hyhridm (F^) d^: 
ooloracao interm^diaria, Qmnto ao purpareo, mmtaion-se qm esta cojoracao e 
recesnva tanto em relacao com o verde, como com o bronxe. Sonpoite a segmida 
geracaofiUal (F^) e os ‘ back crosses ' poderao revelar o nurnero dc gens qne 
condicionam a comas folhas novasd In a later publication he inenthms [ Krug, 
1936], ^ Nas variedades de cafe cultivades sao duas as cores qrredommantes dm 
folhas 7iovas : hionzQ e Yevde ; trata-se, provavelmente, de uni unko -par , 
de factores (Br-Br, br-br) apresentando o heterozygo to Br-br. doniinanicia 
incompleta de Br, pois e bronze claro. A variedade Furpiiras''ens possue folhas 
novas purpureas ; hyhridos desta variedade com cafeeiros de folhas 7ioms 
verdes ou bronzeadas apresentam dominancia completa destas duns cores sobre 
0 purpurascens ; naia podemos.no emtanto, adeantar sobre si todos estes 
factores sao allelemorphos ou si o Br e o br sao epistaticos sobre um ouiro factor 
independente que determina a cor purpurea \ 

Stoffels [1936] reports that Most of the BB strains te>sted ...were honiozy- 
gous with regard to the colour of their terminal shoots but in some cjascs, 
although the numbers were too small for certainty, there were indications of 
a monohybrid ratio for the characters BB and BV. Which character was 
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dominant depended on the mother plant.’ Again, ‘ Eight introduced varie- 
ties and 26 out of 33 lines of local varieties proved to be homozygous with 
regard to this colour character as well a.s to other morphological characters 
associated with leaves, stems and internodes. Seven lines of Mibirizi, on the 
other hand, showed a 3 : 1 segregation for leaf colour in the progeny, but 
whether BB or BV was dominant depended on whether the mother tree was 
BE or BV.’ [Stoffels, 1936]. 

{a) Leaf colour : segregation in. first and second generation ‘progemj 

{!) Copper colour. — ^Kent’s strain appears to be homozygous for copper 
leaves; the first and second generation progeny have bred true for copper 
leaves. S 44, S 59, and plants with copper leaves in the first generation pro- 
geny of S 26, suggest the dominance of copper colour over brown in their 
progeny. In family 468 the segregation into copper and brown classes is 
in accordance with a 3 : 1 ratio ; whereas, in families 353, 495, and 371 the 
segregation is not inconsistent with a 3 : 1 ratio. The remaining two families— 
496 and 629 — are very small. Thus, there appears to be a single factor dif- 
ference between copper and brown classes. 

(2) Brown colour. — S 26, S 32, and plants with brown leaves in the first 
generation progeny of S 26, segregate in their progeny which have copper, 
brown, and light green leaves. The segregation of S 26 is not inconsistent 
with a 1 : 2 : 1 ratio between copper, brown, and light green classes ; where- 
as, with the remaining families there is no such clear cut segregation. The 
progeny of S 48 have only copper and brown leaves ; but, the family is too 
small to be relied upon. The data so far obtained indicate that plants with 
brown leaves are heterozygous. 

(3) Light green leaves. — S 13 and S 63 segregate differently in their pro- 
geny. The segregation into brown and light green classes in the progeny of 
S 63 is not inconsistent with a monohybrid ratio. However, the presence of 
excess of plants in the brown group in the progeny of S 63 is reversed in the 
progeny of S 13. S 13 and S 63 are two examples of the dominance of light 
green over browm leaves. 

The plant with light green leaves in the first generation progeny of S 26 
appears to be homozygous for leaf colour as its progeny breed true, for the 
character. 

{b) Leaf colour in crosses 

(1) Copper colour. — ^The F^ hybrids of the crosses S 44 X Kent and C!oorg 
have all copper leaves. The Fj progeny of the reciprocal crosses of a Kent 
and a light green leaved plant in the first generation progeny of S 26, have 
copper and brown leaves the former being in excess. These reciprocal crosses 
are of particular interest : both the parent plants are homozygous for leaf 
colour. In the Fj progeny the copper colour of Kent dominates over the 
light green colour in producing an excess of plants wdth copper leaves ; and, 
also, the copper colour of Kent combines with the light green colour in pro- 
ducing a minority of plants with brown colour. 

The Fj hybrids of the reciprocal crosses between a plant with (;opper 
leaves and a plant with light green leaves in the first generation progeny of 
S 26 have copper, brown, and light green leaves, plants with copper leaves 
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being m excess. The copper leaved parent is not pure but, contains factors 
for brown colour and, hence, the presence of plants with green colour in the 
crosses is not unexpected. However, the presence of plants with copper leaves 
in excess in the crosses is suggestive of the dominance of copper over liwht 
green. *= 

^ (2) Brown colour. ~ln the Fj hybrids of the crosses between plants with 

brown and copper leaves, plants with copper leaves are in excess. In two of 
crosses between S 26 and Kent, there are present a few plants with light 
leaves. In these crosses there is a suggestion of the dominance of copper 
over brown. * ^ ' 

The reciprocal crosses between 288-20 and 288-63 have Fj hybrids with 
copper, brown, and light green leaves, the last one being in excess. As 288-20 
produces a great percentage of plants with light green leaves in its proeen v 
the presence of an excess of plants with light green leaves in the reciprocal 
crosses between 288-20 and 288-53 is according to expectation. 

(c) Colour of pericarp of ripe fruits. 

^ Pericarp colour appears to be linked up with leaf colour : all the 
observations so for made show that red pericarp is linked up with copper and 
brown leaves, and golden-yeHow pericarp is linked up with light green leaves. 
Therefore the se^egation^of pericarp colour follows closely the segregation 
leai colour m the several progeny. ® ® 


ColSrOLTJSIOK 

Tests on mixing solutions of intense red and Hght green colours have 
res^ted m brown colour. On crossing plants that are homozygous for copper 
and hght green leaves, the F, hybrids have some plants with brovm Ss 
Further, plants with brown leaves segregate in their selfed progeny into copper 
broTO, and light ^een classes. These facts indicate that brown leaves ramht 
be in the nature of a blend between copper and light green leZeT ^ 

« in the progeny of plants with (xipper leaves into copper 

ierTikeW differLce between the two 

classes. Likewise, the segregation in the progeny of S 26 into copper brown 

Sh^irv^f S el’^nn light green classed 

K "? “PI"’' dominate o”« St gS,' 

' “d,yt gr«a leaves dominate over brow! leavl 

taves Tn^e tor copper and light 

leaves. Ail the plants intli brown leaves appear to be heterosv»oiis 

The penca^ coloar of ripe frait. appears to be linlredup with SfZir ■ 

SdS'^vSow neric?^'’T™f brewn leaves land, 

oOMen yeUow pericarp characterizes plants with light green leaves. 

StJMMARY 
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Colour of pericarp of ripe fruits appears to be linked with leaf colour : 
plants with copper and brown leaves have red pericarp ; and, plants with 
light green leaves have golden-yellow pericarp. 

(3) Plants homozygotis for copper and light green leaves have been met 
with ; whereas, all the plants with brown leaves appear to be heterozygous. 

colour of leaves combining with light green colour in the 
crosses between the two have prodxxced some plants with brown leaves, 

(5) Segregation in the progeny of plants with (a) copper and, (6) light 
green leaves into (a) copper and brown classes, and, {b) brown and light green 
classes respectively, seems to be not inconsistent with a monohybrid ratio. 
Segregation into copper, brown, and light green classes in the progeny of 
plants with brown leaves does not appear to be so clear cut. 

(6) Copper leaves appear to dominate over light green and brown leaves ; 
and, light green leaves appear to dominate over brown leaves. 
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Inteodttction 


A number of economic plants (e.g. red clover, Cbicurbitacea;, some of 
■ the Brassicse, apple, etc.) depend entirely upon insects for pollination 
[Waite, 1895, ‘ 99 ; Trelierne 1923; Williams, 1925]. An increase in tin* 
population of such insects results in a material increase in the yield of t lu- cihjo 
[Alderman, 1918 ; Auehter, 1922 ; Farrar, 1931]. 

In India this fruitful line of investigation has remained practtieulL’ un- 
touched. Apart from Burkill’s random notes [lf)00-(t9, 1911], ,Ali Molid. d 
aZ’5 [1931] and Ali Mobd.’s [1935] articles are the only contributions to the 
subject. The reason for this neglect is not far to seek. ' Eci»noniic Entoiuolo- 
gists have been, and are still, busy combating injurious inscefs to realize tlu* 
full significance of this branch of their subject, tlie imjKutance of which to a 
pre-eminently Agricultural country like India, cannot be over-emphasized. 
It is, therefore, reasonable to maintain that a more intimate and comprehen- 
sive knowledge of insect visitors to the flowers of our ])liint..s of economic im- 
portance is long overdue. 


OB.TEOTS OE THE PBESENT 


INVESTIGATION 


I 


Apropos of the record low yield of tona during 1928-29 in the Punjab 
Afzal Husain [1930] made the following observation : ‘ Tlie last toria croi) 
failed and it was noticed that although the number of pods per plant was 
fairly large, the number of seeds per pod was very little, which shows defecti ve 
poUination. As this crop is poffinated by insects, it seems likely that on 
account of certain unknown causes insects pollinating toria were not present 
in large numbers. It is a well known fact that insect pollinators iday a most 
important part in the economy of nature and the question is so iinriortant I, hat 
It cannot be Ignored much longer,’ 

The work on insect visitors to toria and sarson flowers was, therefore, 

begunin January, 1930, at Lyallpur with a view to determine : (1) the species 

ot insect visitors and their importance as pollinating agents, and (2) the rela- 
tive significance of the important pollinators. This information was consi- 
dered an essential preliminary for the elucidation of those ‘ unknown <-auHcs ’ 
which retard insect activity. 
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ill] ,,.:1N,SECT .POLLINATOBS OF TUEIA S ARSON 

The species of insect visitors to toma anb sabsok flowers and 

TllEIE IMPORTANCE AS POLLINATORS. 

Method of study. — The insect visitors to toria and safson flowers were 
collected*^ for about 131 days Le. from November to February^ 1930 and 
1931, in tlie Botanical Experimental Farm, Lyallpur. Collections -were started 
almost immediately after the flowers appeared and were usually made 
between 12 noon to 3 p.m. — the period of greatest insect activity— for an 
average of 2- 17 hours a da^L 

Weather conditions during collection period. — Excepting eight daysf, when 
the prevailing weather conditions were not favourable, the remaining 123 
days, particularly during the collection period, had ideal conditions for insect 
flight and activity. Table I gives the meteorological data which was found 
favourable for insect flight during toria and sarson seasons in 1930 and 
1981. 

Insect visitors. — The collections made include 105 different species repre- 
senting 55 families of 9 orders of the Class Insecta. The importance of these 
insects as pollinating agents is discussed balow\ 

Order Hymenoptera 



Fam. Apibae, — Apis florea Fab. is the only representative of this family 
secured from toria and sarson flowers. Table II gives the numbers collec- 
ted from the two crops during the specified weeks. 

It is seen from the above table that Apis fioreaM^h. is slightly more abun- 
dant in sarson than toria. It begins to desert this crop for other flowers 
towards the end of February. 

The nesting habits of Apis jftorm Fab. are described by Ghosh [1915]. 

This bee works zealously and enthusiastically ‘ during bright, sunny, 
warm weather when there is slight or no wind. During inclement weather 
it does not leave its hive. When overtaken by bad w^eather during work it 
immediately suspends its activities and clings to the flow-er. In this condition 
it allows itself to be picked up by hand without stinging. 

Apis florea Fab. works in a purposeful manner. Table III gives the num- 
ber of flow^ers visited per minute. 

Thus during favourable w^eather Apis florea, Fab., on an average, visits 
six flowers per minute. 

Its modus operandi on flow-ers is ideal for cross-pollination. Alighting on 
a flower it sends its proboscis down immediately to a nectary and in consequence 
the liead comes in contact with anthers and gets heavily dusted with pollen. 
The next nectary is reached with the body usually lying across the anthers* 
Much more frequently, however, the bee lies across the apex of the stigma to 
lap up nectar : it is tliis posture that results in pollinatioru 

*The coileetions were made by Messrs. K. O. Bbandari, B, Singh, R. Takoo, N, 
Kishore, the late S. Batt, Sana Ullah and the author. 

t i2th and 24tli January, 1930. 

27th Fobmary, 1930.* 

24th November ,1930, 

7th and 10th Februaiy, 1931. ' ; 
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Showing mimbers of Apis florea Fab. colkcted from toria awe? sarson during 

WSOandim 


■ ■] 
. 1 
■i 

1930 1 

1931 : 

Name. 

' ' i 

toria 

(November 
j 19-25 ! 

December 

1-7) 

sarso n 
(Jaiiuaiy 
13-19^ 
February 
13-19) 

toria 

(November 

11-17 

December 
: 7-13) 

■ sarson ' 
(fl'anuary 
24-30-‘ 

■ February ' 
13-19) 

Apis florea ¥&hy , 

62 

188 

216 

1; 370 


Table III 


Showing number of sarson flowers visited per minute by Apis florea Fab. 


Date 

Time of 
ti» 

From 

P.M. 

observa- 

on 

To 

P.M. 

Duration 

of 

observa- 

tion 

(minutes) 

Total 

number 

of 

flowers 

visited 

Number 

of 

flowers 
visited 
in one 
minute 

19-1-30 

12-1 

12*7 

6 

30 

■ 5' 

19-1-30 

D5 

1*6 

1 

8 

8 

19-1-30 

2-29 

2*32 

3 

22 

7*3 

8-2-30 

2-34 

2*39 

5 

37 ^ ! 

7*4 

14-2-30 

2-42 

2*47 

5 

25. 1 

5 

26-1-31 

2*52 ! 

2*54 

2 

10 

. ■ 5 

9-2-31 

2*53 1 

2*55 

2 

16 

8 

12-2-31 

2*58 i 

3*9 

11 

45 ' I 

4 

14-2-31 

2*41 

2*49 

8 

41 1 

i 

5*1 


Fam. AjSTDBEisrir)^. — ^This family -was strongly represented. Table IV 
gives the names and numbers of the members of tMs family collected from 
toria, and sarso-n during the specified weeks. 

It is seen from Table IV that Andrena ilerda 0am. and Halictus sp. are 
more abundant in sarson and toria crops than any other species of 
AndrenidcB. Both these solitary bees are exceedingly industrious and work 
in a purposeful manner. Because of these qualities and their numbers and 
body structure these bees are among the most important pollinators of flowers. 
Their modus operandi on flowers is identical with that of Apis florea Fab. 

At Lyallpur Andrena ilerda Cam. begins to visit toria flowers in the 
second week of November. It reaches its maximum numbers in December : 
in fact it is during this month that it predominates over all other insect visitors. 
It constructs its nest in and around toria fields. For this purpose it makes 
a 22 in. — 26 in, long tunnel with a number of side tunnels along its course. 
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111 the case of an allied species each side of tunnel is said to terminate in. a cell in 
which balls of ' bee-bread ’ (for egg-laying) are stored. 

Table IV 

Showing names and numbers of Andrenidm cMected from torm ■ and' bmbqb 

during 193 l and 1931 



1930 

1931 

Name 

toria 

(N'ovember 

19-25 

December 

1-7) 

sarson 
( Januarv 
1.3-19 
February 
13-19) 

toria seirson 

(Novenibr*!* (JaTiiiary 

IM7 2440* 

l)ee< 1 n hm' February' 

7-13) 13-19)‘ 

Andrena ilerda Cam. 

299 

25 

S84 23 

Halictus sp. 

22 

51 

1,12 : 46 

4. lecena Cam. 

8 

3 

,, 10 

A^ sateUita l^uTse 

. . 

S 

^ 17' 

Halictus sakettensis Ckli. 

... I 

' 2 

. , , M 

Andrena sp. 1 

1 

2 

2 2 

Andrena sp. 

' 3 ' 

1 

2' 2 

A, ephippmni Spin: var. dilecta 
. Macs, ' ■ 

r 

1 2 

i, ■ ■ 

' j ■ - 

A^fulvicrus Kifhy | 

. ^ ' . i 

■■ ' . ■ • * . ^ 



^ Six observations were made to study the duration of a pulliai-colleating 
trip. The method adopted was to keep a watch over tlu^ biin-ow from wbicli 
an Andrena ilerda Cam. was seen coniitig out, (In all. o!)servutions tlje 
burrow entrance was blocked with a clod wliick was rcmi^ved when the iiisect 
returned). 

It will be observed from Table V tlmt the first visit ol Andrena ilerda Cam. 
(apart from the first forced return in observation II) lasted for 3 to 4i hours. 
The material collected during this trip reepnred 7-10 minutes to be unloaded. 
The second visit lasted for about 1|- to 2| hourSj the iiiseet taking 2-4 ininiitcs 
'to unload. The third visit was of the shortest duration for it lasted only from 
19 minutes to 1| hours. For pollination the first visit , and to a lesser degree 
the second visit, are most important, because ‘ an examination of the anthers 
of the freshly opened flowers at about 3 f.m. showed them to be absolutely 
devoid of pollen grains which are evidently camod aw^ay by their inwet visi- 
tors ’ [AH Mohd, et ah 1931], ’ 



Bhowing numbers and duration of pollen-collecting trip o/ Andreiia ilerda Cam, during favourabU weather 





22-12»10iD 3*6 P.M. 4-47 P.M. ; 1 .. j 1 : 41 j . . j . . Observation discontiniaed after 4-47 p.m. 
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Like A'pis florea Fab. Aridrena ilerda Cam. also works in a purposeful 
manner and table VI gives the number of flowers visited in one mi mite. 

Table VI 

Showing number of flowers visited per minute by Anclreiia ilerda Cam. 


Bat© 

I : 

j Time of observa- 
i tion 

i 

Duration 

of 

observa- 

Total 
number 
■ of 

Niiinber 
i of 

fiowf*rs 


From 

P. M. 

To 

P. M. 

tion 

(minutes) 

flowers 
„ visited 

visited 
in one 
mimit© 

26-11.30 

j 

i 1*28 

1 i*30 

2 

13 

6 • 5 

26-11-30 

2-46 

2*49 

. 3 

iB 

6 

28-11-30 

1-34 

1*36 

2 : 

ili 

7*5 

. : ■ 4-12-30' ■ j 

12-16 

12-10 

4 

33 : 

8.2 

■ 16-12-30 ■: 1 

1-30 

L33 

3 ; 

21] : 

8*6 

19-12-30 ! 

2-40 

2-42 

■ 2 ^ 

■i 

III ' 

8 

27-11.31 '■ 1 

3G) 

3*11 


30 

7..8 

30-11-31 

M6 1 

M7 

«> 

Li 

7*5 

6-12.31 

M6 1 

i-18 

3 ■ 1 

22 

7-3 

14-12-31 

i .. 

12*45 1 

i. 

i2*40 

1 

4 

32 

8 ' ' 


• ^ during favourable weather Andrena ilerda Cam., on an averm^e 
visits 7*5 flowers per minute. ® ' 

iWffl Cam. IS the most important insect for toria pollination, but 
being wild It IS not possible to do anything with it in a practical wav to ensure 
Its presence, or augment its numbers, in toria fields. 

n appearance of Mctosp. in toria sv«ehronizes with 

'^^p flowers 

appeal. Thus before the appearance of Andrena ilerda Cam. it plays the 

most important part in the poDination of toria. ^ ^ 

In its nesting habits it resembles Andrena ilerda Cam. it lives in small 
SeSnS'*^ member occupying a cell which is joined to the main tunnel by a 



INSECT ' PO'LIINATORS OF TOJtlA AND ' SA ESON 


Table ¥11 gives tbe number of flowers visited by HaMchis in one minute 

Table VII 

Showmg nwnber of flowers visited per minute by Halictiis s|). 


Thus during favourable weather Halictus sp., on an average, visits 3*5 
flowers per minute. 

Fam. COLLETID.3E. — CoUefes reticulata (Cam.), G. nursei Cam., and 
Oolletes sp, are the only representatives of these primitive bees which were 
taken from sarson flowers. Only six sj)ecimens were collected and this feet 
alone marks them out to be useless as pollinating agents. 

Fam. Xylooofidas, — Xylocopa {Nyctomelita) nasalis nasalis WesW. is 
the only representative of this family secured from ioria and sarson flowers. 
It is a powerful flier producing a loud buzzing noise during flight. It is 
never abundant— only eight specimens were collected— and this fact alone 
rules it out from the list of useful pollinators. 

Fam. Ceratinib^. — Ceratina sexmaculataBm. is a casual visitor to toria 
and sarson flowers. It is a slow and lazy worker and its method of obtain- 
ing nectar is such that only the front of its head comes in contact with the 
anthers, It has no value as a pollinating agent, 


■ Date 

Time of observa- 
tion 

Duration 

of 

observa- 

Total 
■■ number 
of 

Number 

■of,;':., 

flowers ■ 


From 

P.M. 

To 1 
P.M. 1 

tion 

(minutes) 

flowers 

visited 

visited 
in one 
minute 

17-1.30 

12-0 

! 

12-8 

8 

20 

2-5 

26-1-30 

2-58 

3-3 

5 

18 

3-6 

19-2-30 

2-10 

2-14 

4 

14 

3-5 

22-2-30 

1.25 

1-28 

i 

,3 _ 

17 

5 -.6 

16-11-31 

1.30 

1*34 

i ^ 

13 

3-2 

20-11-31 

i 1-46 

j 

1 1*49 

1 

' 7 

2*3 

30-11-31 

i 

^2-11 

1 2-17 

6 

23 

, 3'*S 

11-12-31 

2-1 

2-3 

1 

1 ^ 

8 

4 
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' ;Fam,A. N^ the three '. species- eoileeted 2\(nfmila 2 sjip. #ir*e 

comparatively more abundant as is seen from tlie followiiig table : — 

Table VIII ' 

Showing names and mmbers of NomadMce mlleckd frowi toria and sarson 

dtiring 1930 and 19 B 1 



toria 

j. ■ 

! yjtrsoH 

(November i 

' (Jfinuiire 

19-25 

13-19 

December ; 

Febriiai‘\" 

1-7) 

1.3- 19; 


ior'm 

(Stivi ‘iiiLrr 
iM: 

7- 13) 


samui 

fJnnuHi\' 
^ 24^30 ' 

13-19)“ 


Nomada 2 spp. 


Orocisa ramota Lep. ? 


The general appearance of Nomada 2 spp. is suggest ive i>f Nolistas 
(Fab,) 

During November and December, they were often .serm at 8 am mn- 
pended from leaves of ioria by their mandibles. ^.I'hev are poor iiiers mid 
always fly low to the ground. They live as parasitc.s in the nents of .-Ijn/rr/m 
spp. and spp. for their larv® are led ‘ upon the provi.sion.s uriL'inaliv 

destined for the progeny of the ho.st species ’ [Imms, Tiiev are there- 
fore, undesirable vi.sitors to toria and sarson field.s. ■ 

Fam. ANTHOPHORiDa!.~.4Kt%i;iom vedeikt Nurse has t(ie longe.st proboscis 
among the bees discussed in this paper, ft prefens to iced in ilcnvers wiiere 
the nectaries are deep .seated, e.g., ‘ ktramira’ {Mruca salim). It is t hero- 
tore, very rarely that one collects it from mmm. - v, . 

r.jT- is the only representative 

of this family taken from toria and sarson fiowers. 

It nests in the ground and .shows paitmtal care for it.s olf.sprino (, 
preys upon hyrp hid® Maseid® and Calliphorid® whieh.it supiilie.’ daily to 
Its larv®. It IS therefore an undesirable visitor to toria and iLiii fl!lw '4 

Fani. Laeiid^.— L ir/s hcpmorrhoklalis (Fab.) i.s tlie only renrescmtat ivr* , f 

family »»arc,l from i»™ a„,v™. It hay/ S d™ 

1 nd Cither bees and is therefore an undesirable visitor to toria fiouers. 

a. '^^2^«»fAjMdepredfitor,Sinitli is the only repre.sentu- 

tive of this family secured from flowens.* Table IX myes the n4. a 4 
of this insect collected from toria flowers during the sjiecilicd vveeks. 

♦ It Is in hibc*mation during the flowering period of mmn. 





Table IX 

Showing numbers of Philanthus depredator Smith collected from toria 

during 1930 and 1931 



1930 

1 1931 

Name 

toria 

(November 

19-25 

December 

1-7) 

toria 

(November 

11-17 

December 

7-13) 

Philanthus depredator Smith 

90 

118 


P. depredator Smith is a handsome and graceful insect. It constructs 
sinuous burrows in the soil. It closes the burrow entrance before going out 
to ‘ hunt This is done by shovelling back the soil particles with its legs 
‘ in the manner of a dog digging On its return the prey is at first deposited 
on the ground near to the entrance hole which is then opened and the prey 
dragged into the burrow. 

P. depredator Smith alternates its work of destruction with that of feed- 
ing on nectar. It is, however, a very slow and unsteady worker as is seen 
from Table X. 





Table X 

Showing number of flowers visited per minute by Philanthus depredator Smith 


Date 

Time of observa- 
tion 

Duration 

of 

observa- 

Total 

number 

of 

Number 

of 

flowers 

From 

To 

tion 

(minutes) 

flowers 

visited 

visited 
in one 
minute 

i. 


P.M. 

P.M. 




20-11-30 

2*1 

2-3 

2 

8 

4 

23-11-30 

2-16 

2-21 

5 

20 

4 

29-11-30 

2-16 

2-21 

5 

18 

3-6 

1-12-30 

1-0 

1*7 

7 

29 

4-1 

21-11-31 

12-0 

12*2 

2 

9 

4'5 

27-11-31'', 

1*4 


3 

14 

4*6 

30-11-31 

1-15 

1»20 

5 

. 23 

4.0 
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Thus, on an average, this insect visits about four flowers per minute. 

Its nxain object in visiting toria flowers, however, is to prey upon 
Andrena ilerda Cam., and Apisflorm (Fab.), etc. for provisioning its nest. 

P. depredator Smith attacks a bee when it (bee) is busy collecting poUen 
and nectar, and on average takes 30 seconds (average of 12 observations) to 
paralyse it. Afterwards, it is ‘ carted ’ to the burrow in the usual Sphegid 
manner. Thus P. depredator Smith is the most unwelcome visitor to toria 
flowers. 

Fam. Vespid.®.— Impregnated females of Poliates hebroeua (Fab.) and 
Vespa orientalis* lAnn. visit torn flowers during November and 1st week 
of December. 

They are predaceous upon Apidse and Andrenidm : they feed upon their 
honey-stomachs which they obtain by biting off the thorax. They are thus 
undesirable visitors to toria flowers. 

Fara. EFMEi<n:D.aE. — Of the three species collected Odynerus sp. was com- 
paratively more abundant as is seen from the following table ; — 

Table XI 

Showing names and numbers of Eumenidm collected from toria and sarson 

during 1930 and 19S1 


Name 

im 

1931 

toria Bcmon 

(November (Jamiary 

19-25 1349 

December February 

1-7) 13-19) 

toria sarson 

(November (January 

ll-n 24-30 

December February 

7-13) 13-19) 

Odynerm sp. 

16 

26 , .. ■ ; 

Eurmnes dimidiatipmnia Sams. 


':3 ■ 

Eumenes sp. 

1 1 

I 



sp is a slenderly built insect. It visits toria flowers to feed 
on Mctar and pollen. Because of its smooth body it is useless as a pollinating 

The female possesses a formidable sting. It is used to stinv Lenidonter 
ous Iarvs0 mto a state of toroor fnr i^^piaopter* 

earthen ceU as food for its pro^ny ^ ® ^ constructed 

coMi/S O.thoracicus var. aurei- 

from ioSa flowem Th^v I? “5" representatives of this family secured 

in JworV l are difficult to catch. Dur- 

ing work they show a certam degree of persistency and fly rather than crawl 

maeroeercua maoro^Km vSm!) o^iwf (Dicrurus 

taUs Linn, within five minute®. ^ snap at m4 swajlpw thw Vespa ori^n- 







from flower 'to, flower*' They , obtain necta-r like honey bees. But they are 
never abrnidantj therefore, their value as pollinating agents is limited. 

; Fam* CHBYsiniBiE*— Three specimens of Ohrysis indicalsld.QH, col- 

lected from 'toria' flowers. It has a brilliant metallic green coloui" and 
when disturbed it rolls itself quickly into a ball. It is a parasite of Bemhex^ 
Odynerm Eumenes, 

Fam. Fobmicid^. — Only two representatives, namely Catagly^Ms bicolor 
subsp. Setipes (Forel), e^nd Messor barbarus (Linn.) var. instabilis Sm, of this 
family were found visiting ioria emd sarson dov/ers to feed on nectar. 

During feeding C. bicolor subsp. Betipes (Forel) introduces its head from 
f between the floral * claws ’ to reach the nectaries, the body sprawling over 

the adjacent flowers* When frightened it drops to the ground. Its body is 
smooth and unfit for the carriage of pollen. 

Winged forms of Linn. var. instabilis Sm. visit toria 

\ and aaraon flowers but are never abundant. Their body being coverea 

f with hairs is very well suited for the carriage of pollen. Therefore, they 

I cannot be entirely useless as poUinating agents. 

i Order Diptera 

Fam. SYRPHiDiE.— This family was strongly represented as is seen from 
I the following table : — 
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EnMalis tenax (Linn.) is a heavy bodied insect which bears a close resem- 
blance to Apis indica Fab. During flight it produces a loud hnm. It is a 
graceful insect to watch on the wing, but its movements on the flowers are 
awkward and clumsy/ It is a spasmodic worker because * hovering ^ over a 
flower and sitting and cleaning itself are as important to it as feeding. 

Its modus operandi on a lower is identical with that of Apis fimm Fab. 
described before. Its progress on flowers is very satisfactory as is seen from 
Table XIIL 

Table XIII 

Showing number of flowers visited per minute by EristaJis tenax Linn* 


tion 


18- 1-30 
26-1-30 

7- 2-30 

19- 11-30 

8- 12-30 

13-12-30 

11-2-30 

11-11-31 

24-11-31 


■ i 

Duration 
of ' 1 
observa- i 
tion ., 1 

(minutes) 

. Total ' 

1 . of 

flowers 
: visited 

' Num'ber 
of ' 
floweiB 
visited 
'per 

minute 

7 I 

47 1 

6-7 

S ■ ! 

18 

6 

11 ! 

97 

8-8 

8 i 

49 

- 64 

4 ; 

i 

39 

9*7 

. i 

3 ■ 

20 

8*6 

3 I 

15 

. 5 

6 1 

35 

5*8 

9 

60 

i-6 

5 

34 ^ 

0*S 


xjiuD, uii <11.1 Lb visits seven nowers per minute. 

It is found in the fields from early morning to late afternoon and is met 
with m all types of weather. It is an important pollinator. 

The other species of Eristalis though much less abundant are equally 
efficient as poUinating agents. Sphmophmia indiam Big. is a small sized 
insect wMch hovers ‘ poised motionless ’ in the air over a flower before alight- 
ing. It is a spasmodic worker. ^ 

Lasiopticm (Momaculatus Macq., IscModon scutelhris Fab., and Syrphus 
baUe^us de G. are of little significance as pollinating agents. The larv® of 
the last named, however, destroy the Mustard Aphis. 
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Fam. AOBOMYZiD^. — Phytomyza atricornis Meig., a representative of this 
family, is a minute insect which is quite abundant towards the end of sarson 
season. When distiirbed it shoots up in the air and looks Hke a dust particle. 

It is found on the wing in the mornings, evenings and on cloudy days, 
but has never been observed visiting sarson flowers. When it is sunny 
and warm it takes shelter under cover of the leaves lying on the groimd or 
other suitable shady places. 

Its larvae damage sarson leaves by making zigzag whitish galleries. 
When infestation is severe every leaf may be affected. The attacked leaf 
becomes distorted, turns yellow and ultimately falls down. 

Fam. Musoid.®. — Six species, namely, Musca domesUca nebulo vicina 
Macq., M. vitripennis Meig., Jf. domestica nebulo Fab., together with three 
undetermined species of the genus Musca are the only representatives of this 
family secured from the flowers of the two crops. 

Musca domestica ndtrdo vicina Macq. is an erratic and an unstable worker, 
and is not a persistent seeker of pollen and nectar. It also licks up stigmatic 
secretions. When feeding on nectar its body usually lies perpendicularly 
between the stalks of the stamens and the style of the stigma, but when Hck- 
ing up stigmatic secretions or feeding on pollen its body usually rests on 
petals. After every ‘ feed ’ it may settle on the body of the observer, on bags, 
bamboos, plants, or on the ground, or may even engage in a playful ‘ combat ’ 
with another ‘fellow’. But it is found (along with other Muscids) in the 
fields from morning till late in the afternoon and is active both during fine 
and inclement weather. Therefore, it is safe to infer that Muscids in general 
and Musca domestica nebulo vicina Macq. in particular may play a minor part 
in pollination. 

Fam. GALUPHOBina!. — Of the six species of this family collected Tricho- 
metcdlea pollinosa Tns. was consistently more abundant as is seen from 
Table XIV. 


Table XIV 


Sh&wing names and numbers of Calliphoridce collected from toria awd sarson 

during 1930 and 1921 


Name 

1930 

1931 

toria 

(November 

19-25 

December 

1-7) 

sarson 

(January 

13-19 

February 

13-19) 

toria 

(November 

11-17 

December 

7-13) 

sarson 

{January 

24-30 

February 

13-19) 

Trichometallea pollinosa Tns. 

24 


: 

19 

29 

Bhinia discolor 'Edib* 

4 

3 

29 

6 

LucUia sericata Meig. 

2 


. '.5 . ■ 

1 

GaMiphora erythrocephala Meig. * 

• • 

.'5 1 


1 

Sarcophaga sp. 



5 

■ .# ■ ■■ 

Chrysomyia megacephala Fab. 

"1 

1 


^ ■ ■ 

1 t # . . 

1 . . 
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Tnchometcdlea ^ttinosa Tns. feeds on neetar and pollen as well as licfee 
up sfcigmatio secretions. Its habits and mode of feeding resemble those of 
Musca domestica nebula vicina Macq. When working seriouslv its rate nf 
progress is fairly satisfactory (Table XV). A 

Table XV 


average, 3-9 flowers per minute. 



Date 

Time of observa- 
tion 

Duration 

of 

, obaS€?r\*'a- 
tion 

(ininuies) 

I^otai. 

niiinber 

of 

fl owc‘raS 
visited 

Humber 

of 

flowers 

visited 

per 

minute 

From 

1 To 

1 

! 


A.M. 

A.M. 




18-1-30 

10*12 

10*10 

4 

18 1 

4-5 

21-1-30 

11-39 

11*43 

4 

11 

i 2*75 


P,M. 

P.M. 



I 

i 

26-1-30 

3.0 

3*2 

2 

s 

1 4 


AM, 

A.M. 




25-11-30 

10.48 

10-63 i 

f 

5 1 

21 

! 4*2 

26-11-30 

10-0 

10*3 1 

3 ■ ■ 1 
1 

9 

1 . ■ 3 


P.M. 

F.M. 1 

1 

1 


1 . 

1-12-30 

12*30 

■ ! 

12*32 ; 

2 ■ 

11 

I , ' ' 

!■ ■ 

i 5*d 

6-2-31 

2.30 

2*33 i 

■ 3 

7 

1 

* 2*3 

17-2-31 

1-7 

1*9 1 

2 

7 

3-5 

20-11-31 

16-12-31 1 

M8 

1*22 1 

1 

4 

U 

j 3*75 

1 

■ ' ■ j ■ 

1*17 

M9 1 

1 

2 

12 

' 6 



r 





r , . 


whitish aldimm ”■ rt"h;™Tvr°. *>"* » in colonr 

spot : it may. however dart to one * ^yrphid pinned to the 

B«»»e o?Snn“t^“S vli't?pSS“| ap^ cloi 
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L. sericata Meig., C. erythrocephala Meig., and C. megacephala Fab. are 
too few in toria and sarson flowers to be of any use as pollinating agents. 

Fam. Sbpsidjs. — Of the two species collected, Sepsis sp. was commoner 
as is seen from Table XVI. 

Table XVI 


Showing nmnes and numbers of Sepsidat collected from toria and sarson 
__________ flowers during 1930 and 1931 



1930 

1931 . 

Name 

toria 

(November 

19-25 

December 

1-7) 

sarson 
( J anuary 
13-19 
December 
7-13) 

toria 

(November 

11-17 

December 

7-13) 

sarson 
( J anuary 
24-30 
February 
13-19) 

Sepsis sp. 

•• 

98 

3 

66 

S> sphippium Bezzi 

•• 

7 

: • ■ 

2 ' ' 


Sepsis sp. is a slenderly built insect. After every ‘ feed ’ it may clean 
its smooth body for as long as nine minutes before visiting another flower. It 
is a sluggish and an erratic worker but because of its abundance its value 
as a pollinating agent cannot be doubted. 

Fam. CoNOPiD.®.— Gonops eryfArocepAaZa Fab. is the only representative 
of this family caught in November from toria flowers. Its larvse are en- 
doparasites of And,rerM andL V espa. It is, therefore, an unwelcome visitor to 
toria flowers. 

Yam. OissALiitM.—Ghrysomymdermndata'Fab.ia the only representative 
of this family secured from toria and sarson flowers. Because of its very 
small numbers, it is useless as a pollinating agent. 

Fam. CoRDYLURiD^. — Only two specimens of Scatophaga sp. were se- 
cured from sarson in 1930. It is useless as a pollinating agent. 

Fam. Teypbtid.®. — Dacus zonMus Saund. is the representative of this 
family that was secured only once from toria flowers. It is useless as a 
pollinating agent. 

Fam. Empid^.— ffitora sp. is the only representative of this family of 
predaceous flies collected from sarson which, beouase of its very rare occur- 
rence, is useless as a pollinating agent. 

Fam. WammxDM.---Desmometopa M-nigrum Zett. is the only represen- 
tative of this family which was collected only once. It is useless for polli- 
nation. 

Order Lepedopteba 

Names and numbers of the Butterflies collected from toria are given 
below ; they were never found visiting sarson flowers. 
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Showing names and numbers of Butterflies collected from toria during 

mo and ion 




1930 

■ 1931 

■■■■■■ Name 

toria 

(November , 
■ 19-26 
'December 

1-7) 

mrsm 

(November 

1147 

December' 

743) 

Danaidje : 



Danaus chrysippus (Linn.) 

6 

11 

Nymphalidjs : 



1. Freda orithya hiim. 


" 1 

2. Vanessa cardui (Limi*) 

|, " i 

'■ ,2 ■' 

Z, Hypolininas misip^nw hlim 

! 

1 

PlEBID-® ; 



1. Cato 2 mlia crocale CfBia, 

, ■ 

■■ 7 

2, Anaphwis mesentina Crom.^aurota Fab* 

, 6 


8. Pieris brassicce Linn. 

i 

■2 

Lyc.^NiDiE : 

. ■ ■ 


Polyommatm Bp, 

1 


Hespbeiid^ : 



Badamia excimnationis Fab. 

1 

1 


The Butterflies mentioned in Table XVII above visit flowers for feeding 
on nectar. 

To obtain nectar a Butterfly suspends itself from petals and simultane- 
ously probes the nectaries with its extended proboscis. To reach the next 
flowers it may either ‘ flutter ’ across the entire bunch of flowers or may fly 
to it. On an averap a Butterfly may visit one flower in one minute. 

Because of their hairy bodies and presence both during fine and incle- 
ment weather the value of Butterflies as pollinating agents cannot be doubted. 
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IciiB. PybaIjID^. Noctudid floTcilis Hubii. is the only rcprcscntatiyc 
of this family^ secured from.' toria and sarson flowers. It "is nocturnal and 
whether it visits these flowers in sufficiently large numbers at night to play 
any part in tlieir pollination yet remains to be ascertained. 

Fain. Ahctiidjs. — Utetheisd pulcTielld Linn, was about as common as 
D. chrysippus Linn. During feeding it crawls over the flowers rather slug- 
gishly ; as such its value as a pollinating agent cannot be doubted. 

Fam. Nootxjid^. — Earias insulana (Bosid.) and Laphygma exigua Hub. 
are the only , representatives , of ■ this family secured from lorea and sarson 
flowers 'respectively. They were' evidently accidental visitors. 

single caterpiUar of Fab. was found damaging ioria 

, lowers,^ in December, :;1930., ' , . ^ . 

_ Fam. Lymantbiidjb.— was secured from Jom flowers 
only once. . ■ 

Order Coleopteba 

Fam. CABABiDiE.-— One specimen of Plero-s^icAwIctisAndr. — represent a* 
tive of this family of nocturnal and predaceous beetles — ^was secured in 
November. 

Fam. lutelus CheYi. m the only member of this 

family of which two specimens were collected from toria and sarson flowers. 

Fam. CoooiNEXxij)^. — Four species namelys CMlomenes sexmaculata Wah,^ 
Coccinella septempunctata (Linn.), C, Linn, and Adonia 

varisgata subsp. doubledayi Muls, of this family were secured from toria and 
sarson flowers. They usually abound in 

Larvae and adults of these predaceous beetles move about actively 
among toria and sarson flowers in search of their prey, e.g., Aphididae. The 
larvae are exclusively carnivorous, but the adults alternate their insect food 
with nectar. Therefore the greatest good they do is to destroy the injurious 
Mustard Aphis {Siphocoryne indobrassicae Das). Also, because of their 
body structure and assiduity with which they search out their prey, their 
value in the transfer of certain amount of pollen cannot be doubted. 

Fam. ‘pBmmBTmM.—AUagenus bifasd^^ Oe. is the only representative 
of this family which has been secured from flowers. 

It feeds on nectar and as many as five of them may be found in the same 
flower. During feeding its body lies parallel to the style with its head directed 
towards the nectaries. It may remain in this positi^^ for as long as 12 
minutes. 

rr.. fl<^wers in January when the crop is ready to be harvested. 

This fact coupled with its sedentary habits marks it out to be useless as a 
pollmating agent. 

Fam. Melvdrid^^ {Malachiidm), — A single specimen of Laws malleifer 
Champ, a representative of this family — ^was collected in November. 

Fam. Teis^ebbionid ^. — A single specimen of Opatroides vicinis Fairm.~ 
a representative of this family— was collected in January, 

Fam. Chbysohelib^. — About six specimens of the dveeiAed Aviacophora 
foveicoUis Luccap. were collected from November to February. This insect 
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winters over as an adult and therefore the specimens which were collected 
had evidently come out to ‘ enjoy ’ the sunshine. 

Fam. Cttkoulionid.®!. — ^Two specimens of Myllocerus macalosuK i)csh. 
were collected in December. Like Aulacophora this insect also vviniers over 
as an adult. 

Order Nedeopteea 

Fam. Chbxsopidjb. — CJm/sopa sp. i.s • the only reprcsentativ'c of this 
family which has been collected from the two crops. Thougii useless as a 
pollinating agent, its larva does good work in destro,\ ing the Musiaid Ajthis, 
each larva killing 25-28 Aphids per day. 

Order Oethopteea 

Fam. Mantidab. — Creobroter gemmatus Stoll, is the only representative 
of this family secured from flowers. It preys upon insect vi.sitors to ioria 
and sarson flowers and is, therefore, an undesirable creature. 

Order Odonata 

Fam. LiBELLUMUiE. — Pantala Jlavescens Linn. — a reprcisentative of this 
family — ^was occasionally seen settled on toria and .mrson plants. Its vi.sits 
were purely for the purpose of preying upon inseet.s making up the fauna 
of the two crops but what pracisely they preyed upon could not be ascer- 
tained. 

Order Thysanopteea 

Fam. Aeolotheipidae. — (?) Aeolopthrips .sp. is the <mly rc'presentative 
of this family collected from toria and saraon flowers, ft i'eetls both on 
nectar and sap of flowers : it obtains the latter substanc.e l)y hicerating the 
flower tissue with its rasping-sucking mouth-parts. 

Order RHyHCHOTA 

Fam. Pentatomid.®.— T he Painted Bug, Bagrada pkta (Fab.), is a 
serious pest of Brossicae. It is' fairly common in toria in November 
where it is seen settled on flower-buds sucking sap with its stylets. Seriously 
attacked flower-buds open badly and imperfectly. 

Dolycoris indious Stal. and Nezara viridula (Linn.) were less abundant 
and of absolutely no value as pollinating agents. 

Pam. CoEEiDAB. — One specimen of Liorkysms kyalinm Fab. coUocted 
in February from sarson was evidently an accidental visitor and as such 
useless as a pollinating agent. 

Fam. Lygaeid.®. — O ne specimen each of Spilostethm pandurus (Scop.), 
Qraptostethus servos (Fab.) and Oxycarenus laetus Kirby was collected in 
December, January and February respectively. Because of their small 
numbers Lygaeids are of no importance in pollination. 

Fam. Pyeehoooeid.®. — T he Red Cotton Bug, Dysdercus cingulatus 
(Fab.), is very rarely met with in toria and sarson and is, therefore, use- 
less as a pollinating agent. 



III]. 


INSECT POLLINATORS OP TOBJA AND SABSON 


441 



k 


Fam. MsMBBAOiBiEi.— The common Tree Hopper, (?) Leptocerdrm B-p 
which abounds on ‘ Sirin ’ {Albizzia lebbelc) was collected only once in Novem* 

!; ' ber, ' 

i Fam, Fulgobidje.— T he sugarcane Leaf Hopper, Pyrilla perpnsilla 

(Walk.), is a pest of sugarcane and wheat : the two specimens collected in 
November were evidently accidental visitors. 

I Fam. Aphibid^ .“T he common Mustard Aphis, indobras- 

I sicae Das. {===pseudobraBsicae Davis) abounds on toria and saraon. It 

I congregates in enormous numbers on the stalk of the inflorescence, flower- 

^ buds and flowers from which it sucks vital fluids with its stylets. The at- 

tacked stalk gnaris badly and the flowers open poorly, while the pods formed 
from such flowers are misshapen and usually do not develop any seed. It 
is, therefore, a serious pest whose absence rather than presence is to be desired. 

Relative signipicanoe op the important pollinatobs 
A method of study. — It will be observed from the foregoing pages that 
the insect visitors of toria and sarson flowers constitute a complex pheno- 
menon of organic activity. Some are sap-feeders, e.g., Bagrada picta (Fab.) 

I Siphocoryne indobrassicae Das. {=^p$eudobrassicae Davis.), ejfcc., some are 

I predaceous upon other inmcts^ e.g., Creobroter gemmetm BtoH., \ Liris haemor- 

I rhoidalis (Fab. ), PMlanthus depredator Smith, etc., a few are parasites of other 

I insects^ e.g. Nomada sp., a few are accidental visitors to these crops, e.g. 

I Dysdercus cAngulatus (Fab.), Pyrilla perpusilla Walk., etc., whilst a vast 

f majority (particularly Hymenoptera and Diptera) visit these flowers for 

j pollen and nectar. 

^ To study the relative significance of the insect visitors to toria and 

^ sarson flowers as pollinating agents the following method was adopted : — 

Two healthy shoots of the same age were selected on an easily accessible 
plant and their opened and about to open flowers were nipped off with scissors. 
One of these shoots was used for cross-pollination by insects and the other 
as control. The flower-buds were carefully examined for Thrips and other 
small insects. Each branch was then enclosed in a muslin bag (30 in. by 
15 in.) big enough to provide ample space for its growth. The top of the bag 
was fastened to an inverted L shaped bamboo stick hammered in the 
ground. The bags thus secured are able to stand a casual storm which may 
occur during the growing season of toria or sarson. Six insects were 
^ introduced daily between 12 noon to 2 p.m. into each bag. These insects 

were captured in glass tubes arid immediately put into the bags from the 
upper end. At the close of each experiment all the unopened flowers en- 
closed in a bag were nipped off and the bag tied up in the usual manner so 
as to allow the seeds to mature. In due course the plants were harvested 
and the seeds formed in each pod were counted. The results are presented 
in Table XVIII. (Only a typical example is given in each case). 

It will be observed from Table XVIII that the largest number of 
normal seeds per pod was found in bags withAndrena ilerda Cam. and Apis 
florea Fab., while the lowest number of seeds was formed in bags with Sepsis 
sp. and Trichonietallea polKnosa Tns. 

It will also be observed from Table XVIII that the average number of 
normal seeds formed per pod in the case of the experimental plants was 





Showing the total number of insects collected during November-Ma/rch, 1930 and 1931. 
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Table 

Showing namea arid numbers 


Toria flowera 

(14-12-1931) 

8*40—9 hrs. 

9—10 hrs. 

10—11 hrs. 

11—12 hrs. 

Infloreacence with 18 
flowers 

THehometaUea 
poUinosa . X 

Rhinia discolor , 1 

Andrena ikrda . 2 

1 

1 

Andrena ^fda 

Apkfiotm . 2 

Mmca sp, , i' 

AMhophofa 

veditta . , 1 

A marked flower of the 
above laflorescence 

Trichomtallea 
poUimsa . 1 


Andrena ilerda 2 

ArRhophora 
vedkta . 2 


Single flower, others 
clipped off. 


' 

Andfsm Uerdu . 8 

AndrmaUefda . 5 

'Mmca domeitiea 
nebuio ' 1 

Eristaliinp, , f 

TfichomHdUea 
poUinosa . i 

Sargon flowers 

(19-2-1931) 

Inflorescence with 20 
flowers 

EHMU sp. . 2 

Sepm sp. . .1 

! 

i 

1 

MmeaBp, , g | 

Sepsis sp. . . 8 ^ 

i 

Malidussp, ■ . 1 j 

ilf«#ca Sp. , g 

S^sis sp. . . 1 

Apiifi&rea , 8 

B^sis gp. , 4 

'Anifmm'Merda . i 

A marked flo wer of the 
above inflorescence. 

, 

Smi» Bp, , . 8 

i 

Saiidm sp. , i 

Aydsjlima . 2 

Single flower, others 
clipped off. 

, 

Mwtea Sp. . 2 

Ehinia digcoior . 1 

Erisialu sp. , % 

• 1 

ApUfiofm . 2 

Bepiig %p. , .1 

— ^ 
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of insects visiting between 


■ ,,12—13 to.. ' 

13—14 to. 

14—16 to. 

1 

15—16 to. 

16—17 to.,-' 

Anitmailefia 

18 

Andrena ilerda , 

28 

Andrena ilerda 

26 

Andrena Uerda . 8 

Sphaerophofia 
Indiana . , i 

Apisfiorm . 

8 

Matidus sp. 

1 

Chrysomyza 
d&mandataza . 

1 

A pis florea . 2 

Anthophora 
mdetta . . i 

■ Eridalis sp. 

2 

Apis florea 

1 

Musca sp. 

1 

Musca sp. , 2 


Mmca SB. . 

1 

Musea domestica 
nebulo . 

1 



Mristalis sp. . 2 




Mhynchola 

1 



PhUanthus depre- 
dator . . 1 


...... 


Andrena ilerda . 

4 

Andrena ilerda . 

6 

PhUanthus depre- 
dator . . 1 

... 



Apis florea 

1 



- 


Andrena ikrda . 

3 

Andrena ilerda . 

10 

Andrea ilerda . 

4 

Andrena ilerda . 4 

JRhinia discolor . 1 



Apis florea 

8 

Apis florea 

2 

Apis florea . 1 








Mristalis sp. . i 


Apisflorea . 

17 

Apis florea 

21 

Apis florea 

21 

A. florea . . 9 

A, florea . , 2 

Sepsis sp. 

7 

Ealidm sp. 

4 

Sepsis Sp. . 

3 

Sepsis Sp. . .6 

Musca Bp, ^ , S 

Sepsis Bp, , , 2 

Musca sp. , 

2 

Trichometalka 

poUiniosa 

2 

A, ilerda , 

2 

A. ilerda . . 1 


Andrena ilerda 

2 

Sepsis sp. . 

2 

Malietus Sp. 

1 

Melicius sp. , i 


Malietus sp. 

2 

Andrena ilerda . 

1 

Musca sp. 

1 





Eridalis Bp. 

1 

Eristdlis sp. 

1 



Apisfiorea . 

1 

Apis florea 

3 

A. florea . 

3 

... 

A, florea . . 2 

Andrena ilerda 

1 

\ 

, Andrena ilerda . 

! 

1 

Malietus Sp. 

1 

1 


A. florea 

4 

A, florea . 

5 

A. florea . 

1 

3 

A, florea . • 3 | 

1 

Musca sp. . 1 

AAUrda 

1 

A. ilerda . 

2 



A, ilerda , • 1 ! 


Sepsis Bp, , ■ 

1 

Sepsis sp. . 

2 




■ 

1 ^ . . .,, 
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considerably below that of the free-flowering plants. This Avas to be expect- 
ed. When introduced (or rather ‘ imprisoned ’) in a !)ag an insect flew about 
excitedly so as to discover an exit for escape. By the time it settled down 
very little pollen was left on its body to ensure complete pffllination. 

Table XVI^I (Control bags) also shows that toria and mrson plant-s 
are not entirely self-sterile for a certain amount of self pollination does take 
place in these two plants. This corroborates the observations of Ali Mohd. 
et al. [1931]. 

Table XIX gives the total number of insects collected rluring November" 
March, 1930 and 1931, as well as the names of those insects wliieh pre- 
dominated amongst the insect visitors, the rest being lumped together 
under their respective orders. Numbers and percentages, however, are given 
in all cases. 

A study of Table XIX justifies the following conclusions : — 

1. AnArem ilerda Cam. constitutes 40-44 per cent of the insect visitors 

to toria flowers. In sarson it makes up 3-5 per cent only of 
the insect visitors. 

2. Apis florea Fab. constitutes 49-52 per cent of the visitors to 

sarson, but only 16-17 per cent to toria flowers. 

3. The population of Halictm Bp, in the two crops varies from 4-10 

per cent. 

4. Eristalis spp. and TricJmmtaUea pollinosa Tn.s. are the only re- 

presentatives of Diptera that visit toria and sarson flowers 
uniformly and regularly. Between ilieinselves they constitute 
3-13 per cent of the insect visitors to these flowers. 

5. Although the body of Sepsis sp. is smooth, but because of its abund- 

ance its value as a pollinating agent cannot be doubted. 

6. Other insects because of their small numbers, cannot be considered 

as important pollinators. That they do effect a certain amount 
of pollination, cannot, liowevcr, ho (ioubttJd. 

Hourly frequency of the. insect visitors 

Observations were made on the hourly frcrpiency of insect visitors to 
toria and sarson flowers from 8th December 1931 to 14th December 1931 
and from 11th February 1931 to 19th February 1931 daily for B hours and 
20 minutes. The results of two such observation.s (one for toria and one 
for sarson are given in Table XX. The method adopted wa.s the same 
a? described by Ali Mohd. et al. [1931]. 

It is seen from Table XX that : — 

1. Before 10 a.m. toria and sarson flowers are mostly visited by 

Dipterous insects, while after 4 r.m. both Dipterous and Hy- 
menopterous insects are present in almost equal numbers. 

2. Halictus sp. begins its visits after 9 a.m., Andrena ilerda Cam. 

after 10 a.m., and Apis flwea Fab. after 1 1 a.m. From 1 1 a.m. 
upto 4 p.M. these three insects completely outnumber all other 
insect visitors. (These generalizations are confirmed by the 
remaining 14 observations as well). 
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The insect visitors to toria and sarson flowers were collected for 131 day® 
during November to February in 1930 and 1931, at LyaUpur. This collec" 
tion includes 105 different species representing 55 families of 9 Orders of the 
Class Tnsecta. The habits and usefulness of these insects are discussed and 
it has been found that Apis florea Fab., Andrena ilerda Cam., Halictm. sp: 
and Eristalis tenm JAmi. are the most important pollinators. 

A study of the hourly frequency of the insect visitors also confirms this 
conclusion. 

PMlanthus depredator Smith. — ^An insect predaceous upon bees — ^(in 
its relation to Indian bees) is brought to light for the first time. Its habits 
and capacity for destruction of bees are described. 
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THE HOT FERMENTATTON PROCESS FOR COMPOSING 
TOWN REFUSE AND OTHER WASTE MATERIAL* 

in. THE HOT FERMENTATION VS. AEROBIC SYSTEMS OP 

COMPOSTING 


C. N. ACHARYA, M.Sc., Ph.D,, F.T.a 
Department of Biochemistry, Indian InMiluti' nf it ncp.. 

Bangalore 

(Received for publication on 6 October 1 

(With Plate VI) , 

IT was observed in Part I of this series 1 .\charva and Sni, 

1 1 939 ] that previous studies carried out at Banguloro inu! at nfl'i..,- 
showed that considerable losses of nitrogen and of oiwuiic maiter 
the aerobic methods of composting, as ordinarilv practised in thi' 

witt*^fhT^^‘'® p" <’oinp<, sting sfHwt-sweeobm^ 

with nightsoil. Prehminary trials reported in Part f vjve h, ,.n r • 

m^mg the above losses to e coMHerabL.vtmt l,v .ob.iltbig lb, rr,i™™h'' 
tionpocess wherein the air supply is cut otf aftertive or six days and tie mass 
K allowed to ferment anaerobicaUv for about three niimt ? Ti 
factors which go to control the effieVy of t rhot f Wn 1 
been studied in detail and the results Obtained have beau rt ll^rteriirP TIi 
[Acharya, 1939], Having standardized the 'a!ndi ht o ^ ' 

appeared advisable to verify the soundIie^^ offb^ r • ^ ^ it 

reported in Pert I. by o»rr>tag out ooniimwivo l,r ,b'ti;7s;".: 

formityV materid^n'TmLws^eriOTsl!, ", ‘''i 

ments street sweepings, eoreened into the ‘ nlnX ’ , 

were used. Dijfferent stirt-Pfci oirnu ^ rganu and sod fractions 

and urine and nightsoil were tried ,5® sulphate, cuttle duim 

in the laborator/r expernnents were tirst curried out 

e^wns (2 ft. oubes) and SnaUy on the large'srte ta tiStrnT::!.;;;™';;.! 

The raw materials used in the experiments fc.rl +nrt , . . 

composition shown in Table I. nients had the average chemical 


‘Parts I and II of this series appeared in Ind. J. Agn 


•ric. Sci. 9, 741—4 and 817- 
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Table I 

•Analysis of raw materials used 


Jar EXPERIMENTS 

straw, cut into smaU bits J in. to I in. long, was taker 
composition, using mghtsoil as the starter. Varying quantities < 
ne^ssary to secure different initial 0 ; N ratios of the composts 
m iable II, were weighed into porcelain dishes, the quantities of 
in the above table were added, the whole well mixed and added 

promote uniform admii 
initial C . N ratios thus obtained were 40 : 1, 30 : 1, 20 : 1 and 15:1 

Table II 
Jar experiments 


C:N Ratio 
(approximate) 

JRagi straw taken 

Hightsoil 

added 

(fresh weight) 

Water added 

40 : 1 

gm, 

200 

gm. 

SiA 

c.c. 



oil 

236 

30 ! 1 

200 

160 

220 

20: 1 

200 

300 

lOO 

15 : 1 

200 

600 

130 , 



Muffi straw 

Cattle dung 



Street sweeping screened 
into 

(Joustituents 

per 100 gm. 

1 (siindried) 

perlOOgmT 

(fresh) 

porlOOc.c. 

(diluted) 

Diigntsou 
per 100 gm. 
(fresh) 

heaves 
fraction 
per 100 gm. 
(air-dry) 

Soil fraction 
per 100 gm. 
(air-dry) 

1. Dry Blatter 

i „ gm. 

04*98 

gm. 

20*02 

gm. 

0*809 

gm. 

19*50 

gm. 

90*40 

gm. 

97*60 

2. Ash free organic matter . 

■ 

86*27 

15*11 

0*359 

15*80 

64*30 

6*20 

3, Carbon . • . , . ^ 1 

38*22 

6*60 

0*247 

9*30 

30*71 

3*07 

4. Nitrogen . , , | 

0*50 

0*278 

0*102 

1*10 

1*23 

0*24 

6t Ash and non- volatiles 

8*71 

4*91 

0*460 

4*20 

36*10 

91*80 

Moisture . , . . i 

5*02 

79*98 1 

1 

! 

99*191 1 

v80*60 

9*60 1 

2*60 
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One series was aUowed to ferment aerobically in shallow wide jars and 
the samples were turned over once in 10 days and moistened with water, 
so as to keep the mass moist to the touch, but not to such an extent as to 
allow siiy wator to accuniulato at tho bottom of tho jar. A paiallol soiics 
was allowed to ferment by the hot fermentation system. The Jars were 
left undisturbed for six days, at the end of which period the samples were 
pressed down and covered over with a layer of mud paste and ovei it a layer 
of earth At the end of three months, both series were taken out and the 
contents dried at 50®~60‘’C. weighed, powdered and analysed for dry matter, 
carbon, nitrogen and ash according to the methods followed in I'art 11 of 
this series. 

The percentage composition of the samples obtained in the two series 
at the end of composting and their C : N ratios, are shown in Table III. It 
is sometimes the practice to judge the over-all efficiency of a composting 
process by reference to the analytical composition of the final compost ob- 
tained. While this criterion may be the deciding factor in comparing pro- 
cesses, one of which produces a compost of low manurial value (say with a 
nitrogen content less than 0-6 per cent on dry matter) and another which 
produces a compost of high^manurial value (say, with a nitrogen content of 
two per cent or over, on dry matter), it cannot be considered to have the same 
value in cases where both the processes under comparison yield composts 
above the average quality (i.e. over one per cent nitrogen on dry matter). 
In such cases, the efficiency of a composting process can best be judged, by 
taking into consideration the total quantity of manure oiitained and the total 
recovery of manurial constituents such as nitrogen and organic matter secured 
in the different processes. 

The possibility of arriving at misleading inferences by relying solely on 
the former system of judging the efficiency of a composting procedure will 
be evident from a reference to Table III. The analytical data presented 
therein would lead one to infer that the aerobic method of composting is 
more efficient than the hot fermentation process, since it yields a manure of 
better quality, containing a higher percentage of nitrogen. In three out of 
four comparisons (i.e. except at initial C : M ratio of 15 ; 1) the nitrogen 
content of the aerobically prepared manure is definitely higher than that of 
hot fermented compost. The C ; N ratio of the composted material i.s also 
narrower in the former case. But as pointed out in the last paragraph, 
these indications must be judged in conjunction with the total quantities of 
manure obtained in the two cases and the corresponding recoveries of nitrogen 
and of organic matter obtained. The importance of this latter consideration 
will be evident to the farmer who aims at getting the maximum yield of good 
quality manure from the raw materials he is starting with. 

It win be noted from Table III that the quality of the manure obtained 
by the hot fermentation process is quite satisfactory, since the nitrogen 
content of the compost is 1 • 96 per cent on dry matter, even when the initial 
C : N ratio of the raw material was 40 : 1. The C : N ratio of the final compost 
variM from 20 : I to 10 : 1 depending on the quantity of nighiaoil added. 

The deciding advantage in favour of the hot fermentation process lies 
in tfie mucji larger amoqnt qf niannre obtained by that method and tfae muck 


' 'i 

I 

i 

h 
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higher recoveries of nitrogen and organic matter secured, as compared with 
the aerobic methods. The relative data bearing on this point are presented 
in Table IV. In the aerobic methods, the yield of manure (dry weight) 
obtained is of the order of 30 to 38 per cent, while in the hot fermentation 
process it ranges from 45 to 52 per cent, ie. nearly 1|- times as much. A 
similar relationship reflects itself in the recoveries of organic carbon; 

Table III 

J ar experiment with mgi straw — analysis of composts 


Initial G ; N ratio of 

Analysis on dry matter 

Final C:N 

compost lot 

Ash free 
organic 
matter 

Carbon 

Nitrogen 

ratio of 
compost 

Aerobic method 

per cent 

per cent 

per cent 


0 : N ratio 40 s 1 

74*99 

36*67 

2-83 

12*96:1 

Do. 30 ; 1 . 

74*09 

39*45 

3 *03 

13*03:1 

Do. 20 : 1 . 

e«.89 

36*40 

3*26 

10*85 ; 1 

Do. 15 : I . . 

67*39 

34*73 

3-28 

10^60 : 1 

Hot fermentation method 

0 : N ratio 40 : 1 . 

82-77 

39-45 

1-96 

20-16: 1 

Do. 30 : 1 . 

80*97 

39-31 

2*40 

16*36:1 

Do. 20; 1 . 

79*25 

36*02 

2-87 

1 ,12;*54.tl 

Do. 15 ; 1 . . . 

76*63 

33*62 

3*40 

9*90:1 


The economy of nitrogen conservation in the two cases is of particular 
interest, since nitrogen is the most important manurial constituent present 
in composts. Where the initial C : N ratio of the compost material is 40 : 1, 
there is little to choose between the two systems of composting in regard to 
nitrogen conservation. Both are equally efficient in conserving over 96 
per cent of the nitrogen originally present in the raw materials. When the 
C : N ratio is brought down to 30 : 1 or narrower, the hot fermentation proces.-^ 
is found to conserve the original nitrogen better than the aerobic methods. 
The difference in efficiency between the two methods becomes more marked 
as the C ; N ratio gets narrower. 

In interpreting the data contained in Tables III and IV, it must bo 
borne in mind that the raw material used in the present experiments is ragi 
gtraw, which contains a high percentage of readily decomposable constituents 
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such as hemioelluloses and ceUulose. The choice of such « 
material offers the optimum conditions for maximum conservation of iSteogen 
the system under aerobic conditions of composting, since microbial dp 
composiDon of the carbonaceous groups is accompanilk Ty a «tlo,^: 

If^i^readilv'^d^m labile_ nitrogen in the form of microbial bodies. 
11 less readily decomposable materials than straw be used, as is often the 
case in farming^ practice, the conservation of nitrogen in th^ ^^0^1? svstem 
may be expected to be less than the figures given in Table I V and the differences 
£?ISe^ f“-tion > and ‘ aerobic > results may L expeS ho 

notworthy that in the hot fermentation process as much as 82 • 7 1 
enn, M^ogen IS Conserved even when the initial C : N ratio of the 

20 : 1. This is of particular significance while 
• composting of town wastes such as street sweepings and 

mghtsoil. As IS evident from the figures given in Table I, the (T- N ratio 
of street sweepings ranges from 20 : 1 to 25 : 1. Street sweepings in India 
possess generaUy a narrower C : N ratio than in western countries, on account 
of the prevailing practice of using leaves as dinner plates in m^ part of 
this country and on account of the considerable amounts of dung^aid even 
human excreta which find their way into the sweepings. As sucf a Mxtu^e 
of street sweepings and night-soil, under the conditions prevailing in most 
of our municipalities, has a C : N ratio between 20 : 1 and 1?^- I Tbp 
position IS aggravated in places where the quantity of sweepings available 
for composting purposes (especially the organic matter fraction of swipinS 

bTadop”™ oonsidsvaHy 

SeMI-LABGE scale EXPERIMENTS WITH RAGI STRAW 

scale'^isiii^lSS^ff ® r""® experiments on the semi-large 

as minerafs cattle dun' ^^V^^raw ^nd comparing different starters sudi 
into Xe in. to fin S -s cut 

of 40 lb. commercial grade ammonium sulphate (92 per cent puritvi 5)^1 
crfcium carbonate (grouBd ch A) and S lb. ™pcrpUaph"te“o/ev it’iooo ft 
of stra’v^ . The constituents were well mixed and 1 /9o ^ ^ ^ 

over every 50 lb. of straw added to the^X^fheap aW wi^fi 
gallons of water to M^et the material completely. The' quantitv of amwnT?* 
sulphate added oorreaponded to about 0- 78 pe^ ceui nLoI?™ the a 

is approximately near the figure of 0 • 75 ner pent NT fpt 5 + straw, and 

Hutchinson and Richards [ ml ] fen tS rapt f 

carbonate was added to neutralize the acidffy produced from^a 
sulphate and super phosphate as weU tr from Te sW The 





In the case of the straw-nightsoil composts, 75 lb. lots of nightsoil (fresh 
weight) were mixed with five to six gallons of water and added to 100 lb. of 
straw in portions at a time so that the whole was uniformly mixed. The 
operations were continued titt all the 1000 lb. of straw had been added. It was 
not necessary to add further water in this case, except in the aerobic methods 
of composting. The amount of nightsoil added corresponded to 0-825 per cent 
nitrogen on the straw, which is slightly higher than the ‘ nitrogen factor ’ 
of straw (0-75 per cent N), as found by Hutchinson and Richards [1921] 
but then the nitrogen in nightsoil is in organic combination and may not be 
so readily or completely available for microbial utilization as the inorganic 
salts. 

In the third series of experiments, difficulty was experienced in adding 
cattle dung and urine enough to supply 0-75 per cent of nitrogen on the 
straw, since dung contained only about 0- 27 to 0- 28 per cent nitrogen on the 
fresh weight and the cattle urine available locally was found to be diluted 
■with water and contained only about 0- 1 lb. of nitrogen for every ten gallon.? 
of urine (Table I). Usually about 20 to 25 lb. of dung are added for every 
100 lb. of waste material taken for composting, and the amount of water 
(or urine) that can be retained by 100 lb. of dry waste material will be roughl3' 
about 10 gallons. These amounts of dung and urine will supply only about 
0-17 per cent of nitrogen on the straw. In order to increase the quantity 
of nitrogen added, 100 lb. of dung and ten gallons of urine were added for 
every 100 lb. of straw. The dung was mixed with the urine in a drum and 
the straw was added in portions into the drum, stirred well in order to ensure 
complete wetting with the dung-urine solution and then added to the compost 
heap. The operations were continued till all the 1000 lb. of straw had been 
similarly treated. The amount of nitrogen so added by the dung and urine 
was about 0-38 per cent on the straw,— -only half the required amount. It 
was not found possible to increase this amount further except by adding 
urine again at later stages, which was not feasible since the hot fermentation 
heaps were closed anaerobically after six days. Since the mass was sufficiently 
moist and retained its moisture well, in contradistinction to the case where 
minerals were added, further additions of urine were not possible even during 
the above period of six days. 

The following gives an outline of the different treatments that were taken 
up for comparison: — 

A. Eagi straw; plus minerals {ammonium sulphate, calcium embonate and 

superphosphate) 

I. Hot Fermentation in bricklined and cemented trenches 4 ft. 
deep, 3| feet broad and 10 ft. long. 

II. Hot fermentation in earthen trenches, unbricklined, of the 
above dimensions. 

ni. Aerobic method in shallow wide trenches, 2 ft. deep and 14 ft, 
square. 

IV. Aerobic method in overground heaps. 

B. Eagi slnm plus nightsoil — 

V. Hot termentation in earthen trenches, unbricklined. 

VI. Aerobic method in overground heaps. 
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C. Ragi straw plus durig and wrine — 

VII. Hot Fermenttation in earthen trenches, 
VIII. Aerobic method in overground heaps. 


unbricklined. 



Each trial was carried out in duplicate. In the hot fermentation system, 
the mass was allowed to decompose aerobically for five to six days. Tempera- 
ture measurements were made to ensure that there was a satisfactory rise of 
temperature during this period. In the case of nightsoil composts, the tem- 
perature rapidly rose to 65°-70°C. at the end of four days. The dung-urine 
composts followed up with temperatures of about 60°C. at the end of the 
above period. In the case of the heaps treated with minerals, the onset of 
the decomposition was much slower, apparently due to the slowness with 
which the lignified straw got saturated with the mineral solutions employed. 
The delay in decomposition might also have been due to the absence of a 
vigorous microflora in the early stages. Dung and nightsoil are well known 
to be powerful inocula carrying the necessary organisms for decomposing 
cellulose and hemicelluloses. The rise in temperature in the compost treated 
with minerals was, therefore, slower and irregular. 

The hot fermented composts, using dung or night soil as starter, were 
pressed well and covered over with a layer of mud paste two to three in. thick 
at the end of a week. Over the mud paste cover, a layer of loose earth three 
to four in. deep was spread, to close any cracks forming in the paste layer 
below. The hot fermented compost treated with minerals was packed after 
ten days from the start, since the initial fermentation was slower in this case. 
The parallel heaps, undergoing aerobic fermentation, were given turnings 
once in ten days and moistened to the extent necessary to keep the mass moist 
to the touch. The amount of water so added averaged about 20 gallons 
per heap at every turning. 

At the end of three months, all the compost lots were opened out, care- 
fully discarding the earth at the top of the hot fermentation trenches, and the 
composts were spread out uniformly on platforms which were bricklined and 
plastered. It was noticed that whereas the aerobically treated composts 
had become dark-brown and had broken down to small bits, the hot fermented 
composts were much lighter in colour and still retained the original shape 
of the straw pieces. The lighter colour was probably due to the exclusion of 
air, since the mass rapidly turned dark-brown on exposure to air. The colour 
change is probably enzymic. As regards texture, the hot fermented composts 
retained the original shape of the straw since they were not disturbed by 
being turned over, as in the aerobic method. The material, however, was 
weU decomposed, as shown by the chemical data presented in Table VI and 
it readily broke down to pieces and was well incorporated in the soil by one 
ploughing. 

After spreading the compost lots uniformly on bricklined platforms, 
composite samples were taken for analysis by mixing a number of small 
samples taken at different spots. The residual mass was weighed and stored 
in closed cisterns for use in field experiments later. The composite sample 
taken for analysis was weighed, dried at 50-60°O. and again weighed. A 
portion was taken for moisture determination at lOO^C. and the residue was 
powdered and analysed for carbon,, mtrogen, ash and dry matter, From 




466 THE INDIAN JOUE.NAL OF AGRICULTURAL SCIENCE [X 

the values so obtained, the total amounts of dry matter, carbon, nitrogen and 
ash recovered in the whole quantity of the compost was calculated. 1.he 
analytical methods used were the same as those adopted in Part I . 

The data obtained are presented in Table V. It will bo noticed from the 
above Table that the amount of ash recovered in the case of the cement lined 
trenches (Treatment I) is almost the same as that originally contained in the 
compost material at the start, including the added minerals. But in all the 
other treatments, viz., II to VIII, the amounts of recovered ‘ ash ’ are con- 
siderably above those present at the start, the dilferenc^e in some cases going 
upto 500-600 per cent, of the original value. The difference is smaller in the 
case of the hot fermentation trenches, where the comimst mass has not been 
disturbed during the process of composting, it is greater in the aerobic method 
carried out in trenches and is greatest in the aerobic method overground. 
The increase in apparent ‘ ash ’ is no doubt due to admixture of the compost 
with the surrounding soil and the admixture is greate.st in the ease of over- 
ground heaps which are turned over a number of times. Part of the ad- 
mixture is brought about during the operation of turning the heap, but a 
good portion is also brought about by the agency of worms developing in the 
compost heap. 

The large amounts of soil that are thus admixed with the compost are 
likely to vitiate the inferences drawn from the analytical results, unless due 
correction be applied for the amount of soil so admixed and the carbon and 
nitrogen contents of the added soil. Thus the figures given in Tal)le V would 
lead one to infer that a better recovery of dry matter, representing a larger 
quantity of manure, is obtained by the aerobic method of ct)mposting (Treat- 
ments III, IV, VI and VIII), then by the hot fermentation system. Since 
the organic matter and nitrogen contents of Indian soils are low, the figures 
given for the recovery of ash-free organic matter, carbon and nitrogen in 
Table V are vitiated to a smaller extent than those for the recovery of total 
dry weight of manure. 

A correction could be applied for the extraneous soil admixture, by 
analysing the soil near the locality where the composting is carried out, for 
its content of ash-free organic matter, carbon, nitrogen and the ‘ mineral ’ 
nonvolatile fraction. By considering the excess of ‘ ash * recovered in 
Treatments II to VIII as representing the above ‘ mineral ’ fraction of the. 
admixed soil, the corresponding corrections for t()tal dry matter, ash-free 
organic matter, organic carbon and total nitrogen can be calculated. These 
values have to be deducted from the corresponding values given in Table V. 

The data so corrected for ‘ admixed soil ’ are shown in Table VI and 
present a truer picture of the changes undergone by the raw materials under 
the different systems of composting. It will be noted therefrom that the 
hot fermentation system gives a much higher yield of dry matter than tlie 
aerobic methods, ranging from 1| times to twice as much. The recoveries 
of ash-free organic matter and of carbon by the aerobic method are parti- 
cularly low in the case of straw (being only 20 to 28 per cent, for heaps over- 
ground), sines straw is rich in easily oxidizable carbonaceous groups such 
as the hemicelluloses and cellulose. In such cases, the difference in the 
relative e|5ciencie§ of the h'^t fermentation and aerobie methods shows itself 
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in an accentuated form, so far as the recovery of ash-free organic manure 
is concerned. In the present instance, where nightsoUi had been used as the 
starter, the recovery of ash-free organic matter by the hot fermentation process 
is over thrice that obtained by the aerobic method. Though similar differences 
may not be obtained while dealing with more resistant types of waste material 
such as farm wastes or street sweepings, it is evident that appreciably higher 
recoveries of organic matter could always be expected from the hot fermenta- 
tion method. 

The conservation of nitrogen also is more efficiently secured in the hot 
fermentation method than in the aerobic methods, though the relative 
differences are not of such high magnitude as in the case of organic matter. 
The conservation is best in the case (Treatment VII) where dung and urine 
had been used as the starter, but in this case it must be remembered that 
the amount of nitrogen added in the starter was only about half the ‘ nitrogen 
factor ’ of straw. This would go to a great way to explain the very Ei gli 
recovery (92-12 per cent.) of nitrogen obtained in the above treatment. For 
the same reason, the recovery by the aerobic method also is fairly high (74-71 
per cent.) But in cases where the nitrogen added in the starter is equal to 
or exceeds the ‘ nitrogen factor ’ of straw, as in Treatments I to VI the 
losses in the aerobic methods become greater and the superiority of the hot 
fermentation process becomes more marked. 

Table VII shows the percentage composition and the C/N ratio of the 
composts prepared by the different methods. While the contents of ash- 
free organic matter and of carbon are generally higher in the hot fermented 
composts, the nitrogen percentage is generally lower. This is due to the fact 
that, though the nitrogen conservation is better in the hot fermentation 
process the conservation of organic matter is higher still. This is reflected 
in the C/N ratios of the composts obtained by the two methods. The ratio 
ranges from 22 to 26 in the case of the hot fermented compost, while it is 
narrower, viz. from 13 to 15 in the case of aerobically prepared composts. 
Considering the fact that the initial 0 : N ratio of ragi straw was 76 : 1, the 
final ratios obtained in the hot fermentation process should be considered to 
be satisfactory. It is generally agreed that materials with 0 : N ratios of 
20 1 and narrower can be safely put on land without showing any adverse 
effects ; on the other hand, they serve to increase the available nitrogen in the 
, soil (Waksman, 1936). In view of the fact that changing the 0 : N ratio 
from 20 : 1 to 12 : 1 or narrower stUl means, under practical conditions of 
composting, a simultaneous loss of carbon and nitrogen (Table VI) both of 
which are of importance in increasing soil fertility, it would obviously be 
preferable to stop the composting at the C : N ratio near 20 : 1 as in the hot 
fermentation process, and allow the rest of the decomposition to take place 
in the soil itself. The practical value and economic advantage of adopting 
this procedure can only be verified by actual field trials. A detailed account 
of the field trials that have been conducted with composts prepared by 
the hot fermentation and aerobic methods wiU be presented in a later com- 
munication, but it may be stated at this stage that the above trials have 
fully borne out the practical utility of stopping the composting at the earlier 
stage represented by the hot fermentation process and thus conserving the 
nitrogen better. 






460 the INMAN JDUBNAL 01? AGRICULTURAL SCIENCE [X 

Table VII 


Semi-large scale experiments with ragi straw— analysis and GIN ratio of 

composts 



Initial 
C/W ratio 

Analysis on dry material 

Final •, 

Materials and method of 
composting 

of . 
compost 
lot 

Ash free 
organic 
matter 

Carbon 

Hitrogen 

C/N ratio 
of 

compost 

Ragi straw +Am> sulphaia 


per cent. 

per cent. 

■per cent. 


I. H. F. in brioklined 

29-83 : 1 

84-98 

36-61 

1-651 

22-17 : 1 

trench. 






II. H. F. in earthen 

29*83; 1 

. 84-26 

36- 67 

i-685' 

21-77 : 1 

trench unbricklined. 






IT. Aerobic in shallow 
trench. 

29-83; 1 

■.76-85 

37-91 ; 

' 

2-000 

18*95 ;'l 

IV. Aerobic in heaps over- 
ground. 

29-83 : 1 

69-37 

■ 

35-62 

, 

.2*324 

^ 15-29 ;'l 

Ragi straw -j-Nightsoil \ 


■ ' 




V. H. F. in earthen 

34-10 : 1 

1 . 82*19 . 

! 35-06 ; 

1-563 : 

,22*6.7 ;"1 

trench. 


1 ■ 1 
1 




VI. Aerobic in heaps over- 
ground. 

Ragi straw + Dung Ur me 

\ 34-10: 1 j 

1 ■, i 

'60-47 

' ■ . . ' ' 1 

29-59 

;■ ■ 2-315 

1 

. 12-78 : 1 

Vil. H. F. in earthen 
trench. 

51-31 ; 1 

■ ; 78-62 

32-72 1 

■ J. 

1-287 j 

'S 

26-45 : 1 

V'lII. .Aerobic in heaps over- 
ground. 

51-31 ; 1 

60-45 

■ 1 
■ ^ I 

„■ ,24-95;: 

1-843 ' 

13-54 : 1 


Cistern experiments with town beeuse 


As stated in an earlier paragraph, straw is a highly carbonaceous material 
which shows in an accentuated form the differences between the two systems 
of composting under comparison, and it seemed therefore advisable to repeat 
the experiments using a more resistant material such as town refuse, in place 
of ragi straw. In order to secure a certain degree of uniformity in the lots 
taken for the different comparisons, the sweepings were sieved through an 
expanded metal sieve set at 6/8 in., into a fraction, which consisted mostly 
of soil and ash, and another fraction consisting mostly of leaves, paper and 
oth» organic materials. Under Indian conditions, where there is plenty of 
vegetation in towns, the second fraction consists mostly of leaves. For 
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convenienoe of nomenclature, the two fractions into which the street sweep- 
ings arc sieved are designated respectively as the ^ soil ’ and' ' leaves;': 
fractions. The average chemical composition of the two fractions is shown 
in (Table 1). 

The experiments were carried out in the first season in cement-coated 
concrete cisterns 2 ft. X 2 ft. x 2 ft. in dimensions. Nightsoil and cattle 
dung phis urine were compared as starters. Since in some municipalities 
there is a custom of sieving out the * organic matter ’ fraction of street sweep- 
ings and using that alone for composting purposes and other municipalities use 
a mixture of both fractions, it seemed adAUsable to compare both systems. 
It has been already reported in Part II of this series [ Acharya, 1939 ] that 
the addition of moderate quantities of the soil fraction of street sweepings 
exerted a beneficial effect on the course of the decomposition and on nitrogen 
conservation and that a quantity of soil corresponding to half the weight of 
night soil taken for composting appeared to be optimum. 

{i) Cistp.rn experiments with street sweepings and nightsoil 

In the series where nightsoil was added as the starter, 100 lb. lots of the 
'leaves’ fraction of street sweepings, with and without the addition of 
50 lb. of the 'soil’ fraction, were uniformly mixed in portions inside the 
cisterns, with 100 lb. of nightsoil diluted with five to six gallons of water. 
The following treatments were compared using duplicate samples — 

(a) aerobic decomposition throughout, with the material turned over 
once in 10 days and moistened when necessary ; (6) hot fermentation process 
wherein the material was covered over with a layer of mud paste and over 
it earth, after a preliminary period of six days aerobic fermentation ; and (c) 
anaerobic decomposition from the start, by packing the material well and 
covering it with mud paste and a layer of earth from the beginning. 

At the end of three months, the residual material was taken out, spread 
on a bricklined and plastered platform, weighed and samples taken for analysis. 
The sampling and analtyical procedures were the same as those described 
earlier in this paper in Section II for the composting of ragi straw on the 
large scale. 

The analytical data obtained are summarised in Table VIII. Since the 
experiments were carried out in cisterns and the soil covering at the top was 
removed carefully, there was no appreciable admixture with extraneous soil 
and hence no correction for 'soil contamination’ was necessary as was 
applied in the case of the ragi straw experiments on the large scale described 
in Section II of this paper. The data presented in Table VIII confirm the 
previous conclusions that the hot fermentation method gives much higher 
recoveries of ash-free organic matter and of nitrogen than the aerobic method. 
In contradistinction to the experiments on straw (Table VII), the per- 
centage of nitrogen in the hot fermented compost is higher in the present ex- 
periment than the percentage in aerobically prepared composts. This is due to 
the fact that ragi straw is poor in nitrogen (0-5 per cent. N) and in the experi- 
ments described in Section II above only about 0-825 per cent of nitrogen 
was added to the straw in the form of nightsoil. The initial C : N ratio of the 
straw-nightsoil mixture was nearly 34 : 1. A reference to the jar experiments 
described in Section I above (Table III) would show that at 0 : N ratios 
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between '30 : 1 and 40 : 1, the aerobically .. prepared compost shows a higher 
percentage of nitrogen than the hot fermented compost, even tliongli the, total 
recovery of nitrogen by the former method is somewhat lower than that 
obtained by the latter method. 

In the present cistern experiments, however,' the organic fraction of street 
sweepings have been used in place of ragi straw and a reference to Table 1 
would show that these are richer in nitrogen (1-23 |)er <,ient). Tlie initial 
C : N ratio of the mixture of sweepings and nightsoil was about 18:1, whicii 
is much narrower than the ratio of 34 : 1 obtained for straw : nigldsoil mix- 
tures. A reference to Tables III and IV would sliow that at such narrow 
C : K ratios, the loss of nitrogen in the serobic method is very higli and is greater 
than the loss in carbon. Hence, under such conditions, the hot fermonted 
composts show a higher percentage of nitrogen, along with a inghc?r yield of 
manure than by the aerobic system. Under tlie conditions existing in Indian 
towns and villages, where the street sweepings contain a large amount of leaves 
and animal excreta, it is doubtful whether it would be possible to widen t!ie 
G :N ratio of the mixture of sweepings and nightsoil beyond 2D : 1 at the 
start. Under these conditions, the losses of nitrogen by the mrobic methods 
are bound to be heavy. 

■ Table VIII " 


Cistern experiments with town re ftise— nightsoil as starter 







— 

- 


.. 

Without soil 

100 Ib. leaves fraction of 
street sweepings. 

100 lb. Xlghtsoil 

; Yield of manure 

Carbon I 

I 

Hitrogen ■ 

Ash free organJe 
matter 

L'" . ! 

; ' Fresh 

Sundry 

On 1 
sundry 
material 1 

Becovery j 

■On 1 

, sundry 
: 'materla'I i 

r ■ '■ i 

1 Beeo'very 

On - 

sundry : 
material 

Becovery 


Ib,' 

lb. 

per cent 

per cent 

! per cent 

' per cent 

per cent 

per cent 

1 . Aerobic Method. 

126 

68 

23-24 

39*50 

i 

1 'i-ai 

39*97 

38*18 

37*30 

2. Hot Eermentation 
PJ^ocess. 

181 

85 

25*30 

53*74 

I ■■ 1*62 
! '■ 

59*09 

' '45*45 

65*51 

3. An»robic from the 
start. 

202 

92 

31-57 

■ ,72*59 

i ; 1*79 

■ 70*68'' 

54*09 

■■■ 1 

71*60 

Added soiL 





i 


' 


100 lb. leaves fraction 
sweepings. 

60 lb. Soil fraction . 
100 Ib. Higbtsoil. 





1 ■ ■ 

i 

!' 

1 . 

i 

i 



1 . Aerobic Method 

■b 262': 

137 

15*1, 

,49*80 ‘ 

o ■ 
A 

■f 

42*44 

1 22*0 : 

41*47 

2. Hot Fermentation 
Process. 


149 

19-1 

1 : 68*62 

j 1*18 

71*76 

80*5 

68*62 

3. Ansesrobic from the 
stare. . ■. 1 

■) 

371 

■■ 

169 

20*8 

. . 

79 -64 

1 1*28 

82-07 

3S*2 

: — -_-J 

72*61 


It will be noticed from Table VIII that the material which wan anserobi- 
oally packed from the very start gave the highest recovery of nitrogen and of 
organic matter, and it may appear as though this method would be an improve- 
nient over both the aerobic and hot fermentation methods. But the method 
ot an^robic packing possessed several disadvantges in practice ; e.g. the system 
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I did not promote the development of an active microflora which would de- 

compose nightsoil, as evidenced by the fact that when the cisterns were opened 

out at the end of three months, the material smelt strongly of nightsoil, and 
undecomposed masses of nightsoil could be seen. Nitrification experiments 
in the laboratory, to be described in a subsequent communication, showed that 
a much longer initial lag period was required by the anserobieally prepared 
composts before nitrification set in, than in the case of the hot fermented com- 
posts. This initial lag period was probably due to the presence of undecom- 
posed carbonaceous material of the straw. Field trials with such anffirobically 
j prepared composts, to be presented in a future communication, showed that 

the crop response was poorer in the first season, when compared to the hot 
fermented composts, but was equal to them in the second season. These facts 
would indicate that a purely anserobic method of composting either fails to 
remove substances or causes the formation of substances which interfere with 
the nitrification processes in the soil and with plant growth. It would, there- 
fore, seem advisable to ensure a suitable combination of the aerobic and an- 
aerobic treatments, as is done in the hot fermentation method. 

It will also be noted from Table VIII that the addition of moderate 
amounts of the soil fraction of street sweepings improves the conservation of 
; organic matter and to a greater extent of nitrogen. The compost appeared 

to be better broken down in the presence of soil. The addition of soil, how- 
ever, lowers the percentage of nitrogen and of organic matter in the compost 
and, as already observed in Part II, it would be advisable to limit the addition 
of soil to the minimum quantity necessary to promote the better decay of the 
compost material. The proportion used in the present experiments of 2 : 1 : 2 
^ (by weight) between the leaves fraction, the soil fraction and nightsoil would 

appear to work satisfactority. 

{ii) Cistern experiments with street sweepings and cattle dung plus urine 

Another series of compost experiments in cisterns was run on the same 
lines as the previous series described in Section III (i) above, but with the dif- 
ference that a mixture of cattle dung and urine was used as the starter instead 
of nightsoil. A certain amount of household (wood) ash was also added to 
correspond with the conditions in farming practice. For every 100 lb. of leaf 
material, with and without the addition of 50 lb. of soil, 25 lb. of dung and 
three gallons of urine were added. Extra water to the extent of eight to nine 
gallons was also added. The treatments compared were the same as in Section 
III (i), viz. aerobic, hot fermentation and completely anaerobic, and also the 
I influence of the addition of soil. The details of composting procedure and 

methods of sampling and analysis were the same as described in Section 
«; III {i). 

I The analytical results obtained are summarized in Table IX. The 

general trend of the results is the same as in the case of the previous experi- 
ments with nightsoil, viz., the hot fermentation method secures a better con- 
servation of organic matter, carbon and nitrogen than the aerobic method, 
both as regards the percentage of these constituents present in the manure as 
well as in the absolute amounts recovered out of the quantities originally 
present in the raw materials. The anaerobically prepared composts contain 




AdileM soil 


461 THE INDIAN JOURNAL OP AGEICULTURAL SCIENCE [X 

a higher percentage of nitrogen, but at the same time they contain large 
amounts of readily oxidizahle constituents of the original raw material aiul 
hence are open to the objections and drawbacks referred fio in tlio last sedi- 
tion III (4) while dealing with refuse-nightsoil composts. The protective 
action of the soil in lessening the loss of nitrogen and of organic matter may 
be noticed in this case also. 

Table IX 

Cistern experiments with town refuse — cattle -urine and dmu] as 
starters 

WUko,4noU 

100 lb. leaves. ' } ' — ^ ;■ — 

10 lb. Household ash. i 

Isa Beco... I S„.a. I S.,,cv K™,v,.. 


percent, per mu, j per cent per nntt per .ent 


1. Aerobic method 

2. Hot fermentation 
process. 

3. Anterobic from the 
start. 


80 i 21-5 


89 25*3 


60 lb. soil, 

100 lb, leaves. 

10 Ib. Household ash. 

261b. dung and 

3 gallons urine. 

1. Aerobic method , 196 

2. Hot fermentation 271 i 

process. 

3. Anaerobic from tlie 284 

start. 


125 1 20*2 


VIII and IX would show that the composts 
prepared by use of cattle dung and urine are appreciably poorer hi nitrogen 
tn prepared by use of nightsoil as starter. This is due 

contains only about a fourth of the nitrogen con- 
SS? (Table U and the quantity of cattle urine that can ho 
added to the compost heap is liimted by the capacity for absorption bv the 
difficulties have Len already “referred io'^JneSilt 

reflecte/Ln t fL f in nitrogen contents of the two starters is 

t! f the manurial values of the respective composts when they are 
apphed to land. Nightsoil composts, if they are properly prepared, give mucli 
better crop responses, per ton of manure, than composts priparerb^r of 

SbMI-LAEGE SUALE EX'PERIMENTS with town REFtTSE 
The cistern experiments with town refuse were followed up bv semi-laree 

e,,penm,nte, mi„g bfe of 1,000 lb. of th. .ievod ‘ leaoes ■ wL oT.3 


nij COMPOSTING TOWN REFUSE AND OTHNe WASTE MATEBiAL, til 4^5 

SlSf “ 

mentation of an to eeven day,, and to see W snch comnosta foSw tS 

ttpaSr* ■” of compoTSiTeS 

^ Tinderground trenches which were brickKned 

rsl w°+ in underground trenches without bricklining 

method in heaps overground on bricklined 

(5) AeroWc process in shaUow wide trenches which were not brick- 

(6) ^o°®ss in heaps overground on platforms which were not 

urii J"" T""® “igliteoil and cattle dung plus 

mine. Each trial was carried out in duplicate. ^ 

In the first series using nightsoil as starter, lots of 100 lb of ‘ leavp«! ’ 

fv ‘ were unis , 

mixed within the container itself with 100 lb. of nightsoil (fresh weivhti 

diluted with eight to nine gaUons of water. The opefations were reTefted 

fraction^id^l OOO^lb^ ‘ ’ fraction and 500 lb. of^ soil ’ 

traction and 1,000 lb. of nightsoil were added to form a compost lot In the 

fivft^ loif f starter, 25 Ih. of duno- and 

five gallons of urine were mixed with further ten gallons of wate? S 

fraotira ^ ^The ‘ leaves ’ fraction and 60 lb. of ‘ soil ’ 

and 5 on Ih « °Pff^tions were repeated till 1000 lb. of the ‘ leaves ’ fraction 

p^“s a'ir xr - 

as already described in section II of this naner TEp " > and earth, 

turned over nnnp in 1 s a„ -t, ! • -*-ae aerobic composts were 

the touch The ^ with catering, enough to keep the mass moist to 
hpnn np '+ total amouut of water so added ranged from 25 gallons ner 

on the composts were taken out, spread uniformly 

and fl ™ “ platforms, samples taken for analysis, the residual mass weighed 
and the samples analysed according to the procedure a frSTo SneS thp 
semi-large scale experiments with^a^i strL iLectio?irabove to tfc 
sofnf there was a large admixture of extraLous 

BtiU I„, in the case of heaps leptSlS^SlnltrSnertr 

ttt accSrfo srXT/r *■”* abo™ 

on, according to the method descnbed m Section II above, and the corrected 
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data are presented in Tables X and Xl. Tabic X gives tlio residts ol)tained 
by use of nightsoil as starter and Table XI gives the eorrcsixjnding ciata for 
composts prepared by use of cattle dung plus urine as startej’. 

Table X 


Semi-large scale experiments with town refuse using nigllsoil as starter. 


. 

1,000 lb, leaf fraction of street 
sweepings. 

500 lb. soil fraction of street 
sweepings. 

1,000 lb. Isightsoil (fresh). 

Yield of manure 

Carbon 

Kitrogrn 

Ash fre<? organic 
inatfer 

Fresh 

Sun- 

dried 

Analysis 

llccovery 

Analy.NW 


Anab-‘i|-v 

Ht'CMViTy 


lb. 

lb. 

per cent 

per cent 

I'ier cent 

per cent 

I'ter cent 


I. Hot Fermentation in nnder- 
ground trenches witli brick- 
lining. 

8,215 

1,520 

19*81 

.72*46 

■ '3. * 22 

73*91 

34*93 

73*05 

II. Hot Fermentation in iinder- 
groiind trenches without 
brickliiiing. 

3,010 

1,438 

18*01 

62*34 

1*13 

60*30 

3,'l *85 

63*01 

nr. Hot Fennentation in heaps 
overground on bricklined 
platforms. 

2,700 

1,325 

17*84 

50*90 

1*19 

64*34 

30*30 

Mrim 

j 

IV. Hot Fermentation in heaps 
overground on iilatforms 
not bricklined. 

2,620 

1,280 

17*05 

■' .52*33 

i , 

!■ ■ i 

1*10 

57*53 

1 "29-S5 

. 52*02 

1 

V. Aerobic, in sliallow wide 
trenches. 

1 2,230 

i 

1,185 : 

10*60 

1 ' 47*30 1 

! ■ ' i 

1*08 

32*40 

I' 29*:i6 ' 

!■ 47*87 

'f 

VI. Aerobic, in heaps over- 
ground. i 

1,080' 

' 1,042 

■| 

14*98 

■ 37*38 ; 

i. . 1 

y*99 

I 42*00 

1 ■' 

1 28*80 

i 

; 4,i*4.! ' 


Table XI 


Semi-large scale experiments with town refuse using rattle ■urine mid dang as 

starters 


Taken— , . ^ 

1,000 lb. leaf fraction of street 
sweepings. ^ ^ 

500 11). soil fraction of street 
sweepings. 

250 Ib. dung, 

50 gallons of urine. 

1 Yield of manure 

Carbon 

A’jtrogei! 

Anh free organic 
;■ limiter 

i 

Fresh 

■ 

Sun- 

dry. 

Analysis ; 

1 ' 

. K-ecovery 

j 

i ' ' 

Analysisi 

Heeovi-ry ■ 

AnaiysisI 

! 

Ilceovery 

i ■ ■ 


lb. 

ib . 

per cent 

per cent 

j per emit 

per rent 

^ "i 

per cent 

tan* emit 

I. Hot Fennentation in under- 
ground trenches witli brick- 
iining. 

3,015 i 

i 

1,415 

. 17*81 

. I 

77*45 

0*77 

79*32 : 

31*11 

75*88 

11. Hot Fermentation in under- 
ground trenches without 
bricklbiing. 

2,784 

1,320 

17*04 

69*15 

0*74 

71*33 

28-78 

i 1 

1 , 

66*52 

III. Hot Fermentation in heap.s ^ 
overground on bricklined ' 
platforms. 

2,645 

1,275 

16*47 

1 64*54 

0*69 

64*12 ^ 

1 2fl-27 j 

! 

1 57*76 

IV. Hot Fermentation in heaps 
overground on platfonns 
not bricklmcd. 1 

2,400 ! 

1,190 

15*13 ' 

55*32 

0*03 

34 ’73' 

25*66 

I 52*64 

1 

V. Aerobic, in shallow wide 
trenches. i 

2,112 

, 1,076 

13*96 

46*10 

0*60 

47*10 

24*82 ; 

46*03 

VI. Aerobic, in heaps overgroundj 

1,826 

960 

18*02 

38*41 

(1*58 

1 ■ ■ ■: 

41*3.5 

23*44 

38*80 





Fig. 1. a battery of cisterns in which the preliminary studies were carried out under controlled conditions 
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_ It has been mentioned above that one of the objects of the present ex- 
periment was to see whether trenches could be dispensed with in 4e hot fer- 

instead. TJie data presented 
qc, rAi ^ V reveal that in the case of reftise-ms:htsoil conipostH as well 

A, lei use-dung composts, trenches gave better results than overgipund lieans 
both in the hot fermented composts and in those asrobieaUv 
piepared. Ihe superiority of trenches to overground heaps in conservinc^ a 

bv A?va?Tl93?l f oi’ganie matter, has been already noticed 

y Aiyar [1933] and others and is attributable to the more efficient retention 
moisture and the more rapid rise of temperature secured in trenches The 
temperature is also maintained at a high level for a longer time iii trenches 
Waksman and eoworkers [1939] have found that the loss of nitroLn durtet 

• thH “ ^ temperature in the 

Sd iZ|ut;. ^ temperature rise is slow 

That the better conservation of nitrogen and of oro'anic matter in tin. Rni 

f beinro^M o„ S 

X ?nH infer f\ Z IS Shown by comparing the results obtained (Tables 

Lmc Sm '''■ r'*®' *^0 >■'>* f«n»«ntation and 

Swl WWL f trenches, and also treatments IV and VI 

niethods have been tried on heaps overground In both 
mSr fermentation system has given a higher rSvery of organt 

prtSerthfre^fsZ^ ordinarity 

I actiseci, theie i.s a continuous loss of nitrogen, which could be svnirlerl Kv 

packing the material an^robicaUy after the initial stage of LLc ferLnte- 
.e / Parison of the data shown in Table X with those given in Table XT 

srt r-HSs -s- 

A cxwiiparison of treatments II and VI ^T^iKlpa x a-n^i -vtn 1 1 i 
tlLit by adopting the hot fermentation system ft sToieZ 

0^1 am recoveries of nitrogen and of organi matter wh^ 
those obtained by the aerobic method overground. ^ 

Discussion 

nrei.!/ i admitted that nitrogen is the most important constituent 

f. m , 1 ^ ! bulky organic manures like composts, next to the organic matter 
ontamed. Most Indian soils being deficient in phosphoric acid the amnniif 

v ih f influencing the manurial 

there is little likelihood of loss of phosphoric acif diSnTthe p?oce^^^^^^^ 
pci^stmg, if losses due to leaching be avoided, whereas losses of^nitrogen occur 
often to a considerable extent and are not easily avoided ^ 

r,..!- 1 f described above have shown that the loss of nitrogen is 

particularly serious while dealing with the disposal of town wastes such as 
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nightsoil and street sweepings by the method of composting, on account of th e 
narrow C ; N ratio of the materials concerned. When dealing with materials 
of such narrow C : N ratio, the serobic methods involve heavy losses of nitrosen 
to the extent of 50 per cent and more of the quantity originally present. The 
loss of nitrogen implies a proportionate decrease in the manurial value'of the 
compost and hence in the price which the manure could obtain. Conversely 
by adopting a method of composting which would minimize the lo,s.s it would 
be possible to prepare a correspondingly larger quantity of manure containin.^ 
the same percentage of mtrogen. By either alternative, it null be possible for 
a mumcipality or a private farmer to obtain a greater return from the available 
raw materials on hand. Hence arises the need for devising a method which 
under practical conditions of composting, would minimize the lo.ss of nitrosen' 
if not avoid it altogether. Since Indian soOs are poor in organic matter it 
would aUhe same time be an advantage if more of the organic matter could’be 
what IS done by the serobic methods. Judged by these two 
tests, the hot fermentation method appears to be a distinct improvement over 
the ordinary ^robic methods of composting. The data givcn^ rthTpreS 
paper would cbarly show that in the aerobic methods of composting, especSlv 
under our Indian conditions of high temperatures and in soL areas SsSve 
rainfall, the oxidation is carried to an extreme stage, when heavy and avoid- 
able Icisses of nitrogen and of organic matter occur. It would obviously be an 
stop the serobic decomposition at a much earlier .stage as h done 

often^ZoS'“fl?f.^?n?i?^^®® ^5® method of composting, whicdi are 
often quoted, are . (1) the rapidity with which the composting is finished and 
the material is ready for application to land • and ( 9 \ +i ^ 
tion of tie to alrk-b™™,Sbh“ 

composting, it is of advantage only £ Tome cases e^e^In’thf ‘r rapbty of 

refuse by niiinieipalities if -tha disposal of town 

taes ofWnS L„?U I'tavSrthrbw: beev.v 

be Ignored. In the ca.se of the private farmer the mh£[t o7 1 

may prove a serious disadvanf^^A u r ^‘^Pidiiy of decomposition 

once £sixmontrMd'7^£t?vf.;f! 1 " only 

He will be faced with the proE of hZ h ""'If WJication to land^ 

of manurial value, if t£ cCnSinl Ios.s 

the date when he may be requiring if. several months in advance of 

which a mftolTCdTeSje^t^^^^^ i?£ v 
IS a question on which divergenfviewf aJe helrl £7 to land, this 

evidence is lacking. There is no exoftrima^f , .5”*^ convincmg experimental 

sary to decompose a material to the nlfi £ t° show that it is neces- 

yowto beta ft i, it feScSiJtatrr 
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an approximate 0 : F ratio of 10 : 1 and that ^robically prepared comnost. 
'■ is n^r^W ’. out that materials of cVn 

, ratio near 15 . 1 do not immobilize soil nitrogen but tend to increase the 
< available nitrogen in the soil. The above ratio is apparently much wiSfth?! 

the rationf 10 : 1 aimed at in the ^robic methods 01 composW^^ 

hield experiments have been proceeding at Rothamsted (England! for 

lo r f ^ P; ^ compared with the direct application to the 

and the minerals used for compost preparation, the C • N ratio 
uncomposted materials being near 30 : 1. The levels of nitrogen 
phosphoric acid and potash applied in the two cases are the same The 
experiments have been proceeding only for the last five or six years but the 
lesults obtained so far show that the uncomposted materials give as o-ood cron 
responses as the compost. ® oooa ciop 

^ The above would show that the C : N ratio of a compost material is not 
the ordy criterion for judging the suitability of its application to land On 
the other hand, a better criterion would be the presence of readily available 
nitiogen in the material enough to supply the ‘ nitrogen factor ’ or the nitropeu 
requirements of the easily decomposable fractions in the raw material. IfTor 
financial or other reasons it is not found advisable to add mineral supplements 
meSflK available nitrogen in the material, the process of fer- 

mentation (or composting) has to be resorted to in order to remove the readilv 

?uchl?extSra?nof£T'^ material. This should be carried ouf to 

SUCH an extent as not to lose any appreciable quantity of the nitrogen originallv 

present in the raw material. Such losses usually fall on the readily available 
groups such as ammoniacal or nitrate nitrogen and hence greatly lower the 
man^ml value of tie product when put on the field. ConddS to 
the hot famentation method not only conserves a greater portion offi 

2^d“^grof dew “ 
raw 

experimentation before a definite answer could be given. The Rothamsted 
xperiments mdicate that under certain conditions, it is possible to do so 
especiaUy when the raw materials are supplemented by suitable quantities of 
mtropnous aiMdals. Somewhat simil^^sult, hav?bLn oblSnS l^the 
Station m some of their experiments on tea*. But the 

3 S aM ^ India whe'e 

matio and sod conditions and crops raised are different. In both tb^ 

Rothamsted and Toc^i experiments, water supply has not been the limiting 

j known that with satisfactory water supply nartiallv 

decomposed materials can be safely put on land. Unfort 3 S 

supply IS a serious liniiting factor in most areas of this country. ’ ^ 

ke mteresting to know whether the Rothanisted results with 
in ttl* country, using cattle dunf aS^SfL^e 
rogenous supplement to straw in place of artificials. The availability of 
’ ynyate comiaujRoatioa. ' ' ^ 
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nitrogen in the ■ dung pins urine starter woixld be lower than in artificials and 
it would he useful to know whether with such a supplement the undecomposed 
raw materials when directly put on the land would prove beneficial to plant 
growth. In such cases it may be found necessary to remove the readily oxidi- 
zable constituents of the raw niaterials by a preliminary process of fermenta- 
tion, at least to the extent secured in the hot fermentation process. 

While our knowledge of the conditions under which undecomposed 
materials could be safely put on land to serve as manure for a- ci*op ah'eady on 
the land or about to be sown in is still indefinite; the field trials that have been 
carried on with hot fermented manures have shown tliat they <^an be safely 
applied to land at any time, with beneficial results. 

In addition to the larger recovery of manure and of nitrogen obtained 1)y 
the hot fermentation method, this method possesses {?ertain important ad- 
vantages to the farmer from the practical point of view, namely in relation to 
labour and water requirements. The question of water recpiirement has been 
dealt with in detail in an earlier commimicati<m [Aeharya, 1930] and it was 
shown therein that the hot fermentation process requires only about a third 
of the water supply required by the aerobic method, siiu:;e the mass is packed 
anaerobically after six days in the former method and no further additions of 
water are made. Water supply is a serious and in some cases a costly problem 
in vast areas of this country, e.g. in the Central Provinces, Deccan, etc. In 
such areas the hot fermentation method would prove particularly useful. 

Secondly, the hot fermentation process requires liuich less labour than the 
aerobic method, since in the former case there are no periodical turnings and 
waterings to he given. Fo attention has to be paid to the compost after once 
it is packed in the trenches and closed up after a week, till the cc)m|)OHt is 
actually required for application to land. As such, the farmer obtains the 
compost at a much lower cost and with much lesser trouble than in the ease of 
the aerobically prepared compost. Estimates show tiuit the labtmr charges 
for making one ton of compost by the hot fermentation method <*oineB to 
about 8 As,, when working on the large scale, whereas in the aerobic method 
the charges amount to about three or four times as much. 

The hot fermentation system of composting, therefore, appears to be 
peculiarly suited to the conditions existing in this country. 

■ SUMMABY 

A comparison of the hot fermentation and serobie systems of composting 
was made under controlled conditions : (I) with ragi straw in jars on a 

laboratory scale ; (II) with fagi straw on the large scale in i ranches and 
overground heaps ; (III) with town refuse in concrete cisterns ; and (TV) with 
town refuse on the large scale in trenches and overground heaps. Nightsoil, 
cattle dung plus urine and a mixture of mineral salts consisting of ammoniunx 
sulphate, calcium carbonate and superphosphate were used as starters for com- 
posting. Different modifications of the aerobic and hot fermentation methods, 
such as carrying out the composting in trenches and in overground heaps were 
tried. In the serobic method, the heaps were turned over once in 15 days and 
watered to the necessary extent. In the hot fermentation method, the com- 
post lots, generally in trenches, were^ allowed to ferm^pt ^robically for six 
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days and then covered with a layer of mud paste and over it with loose earth. 
The comparison limited itself mainly to the efficiency of conservation of nitro- 
gen, carbon and organic matter, since minerals such as calcium, potash and 
phosphates are not lost to a great extent, if the composting process be carried 
out with care. 

The experimental data obtained showed 

1. In all the cases examined, the hot fermentation method gave a much 
higher yield of manure, as measured by the organic matter contained, than 
the.gerobic method, the ratio varying from 1|-' times to 3 times; In cases where' 
the composting is ..carried, out on plain ground or in unbrickliiied trenches, there 
is heavy contamination with exiu'aneous soil, for which due coiTectioii should 
be inade ill. the .analytical figures. 

. ■ . '2, The hot fermentation .method conserved the original' nitrogen of the 
refuse.. m.ateri'als, in all the cases, .examined to a greater extent, than the aerobic 
method."'' ■ The loss of nitrogen in - the aarobic method was particularly great 
.when ..mightsoil . was composted with ' street sweepings and iii' some .cases 
amou.nted. to 50 per cent. or more of the original .amount, 

3, ' The percentages of carbon and of organic matter in. the fi.iial compost 
(a.fter ma.king a correction for the extraneous, soil contamination) were also 
higher in the hot ferme.nted compO'Sts than in the serobically prepared com- 
posts. 

4. As regards the relative percentages of nitrogen in the above two classes 
of composts, this varied with the initial C : N ratio of the refuse materials. 
Where the initial 0 : N ratio was wider than 30 : 1, the increase in conservation 
of organic matter by the hot fermentation process over the serobie method was 
greater than the increase in conservation of nitrogen, with the result that the 
final percentage of nitrogen in the compost is lower in the hot fermentation 
method, though the total quantity of nitrogen recovered is greater in that 
method than' in the aerobic. Where the. initial C : N ratio, is narrower Than 
30 : 1, the hot fermented composts possess a higher per.centage of nitrogen. in 
the final compost, along, with a larger recovery of nitrogen in the total compost 
obtained. 

.' 5. The.C N ratio of the compost obtained 'by the hot .fermentatio.n.method 
varies from' '15 : 1 to '2.0 : . 1 , while that obtained by the ^robic method ranges 
ffo'm .11.,,': '1 'to. 15 , ' , 

. 6. 'G.arrying, out the composting in trenches ensures ,a, higher .yield'.of 

manure .and.' a better cons.ervation of nitrogen than the. use .. of overgroimd 
heaps' 'for ' composting.' 

,7'. Composts prepared by use of nightsoil, were generally richer in nitrogen 
and ...of better quality than, composts , prepared by use of cattle dung and urine 
as starters. ., 

' . 8. The addition . of moderate, .quantities of earth promoted better decay 
of . the .compost and a better conservation of nitrogen, especially in cases where 
nitrogen-rich materials ,suc.h.. as nightsoil ivere being composted. 

9. The hot fermentation process requires only, about one half to one third 
the water supply required by the ^robic methods and appears to be particularly 
suited to theC dry ’ areas of the country. 
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10. Labour charges in the hot fermentation process are only about a third 
or fourth of those necessary to carry out the asrobie method of composting, and 
the attention and supervision required in the former case are considerably less 
than in the latter case. 
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IV. THE HOT FERMENTATION vs. POUDReTTE METHODS FOR 
THE DISPOSAL OF NIGHTSOIL 


0. N. ACHARYA, M.Sc., Ph.D., F.I.C. 

Department of Biochemistry, Indian Institute of Science, Bangalore 
(Received for publication on 20 Nov. 1939) 

TN a previous communication in this series [Acharya, 1940J the relative 
J. advantages of the hot fermentation and aerobic methods of compostins 
were discussed, with special reference to the treatment of town wastes rich in 
nitrogen, _ such as nightsoil, and it was shown therein that a better conserva- 
tion ot mtrogen and organic matter was secured in the former method as com- 
pared wth the latter. Very few municipalities, however, adopt at the present 
day either of the above systems of composting for the disposal of their night- 
soil m spite of active propaganda in this direction by some of the Departmmts 
of Agriculture m India— especially those in Madras and Bombay. The 
method generally adopted by over 90 per cent of the municipalities in this 
country IS that known as ‘ pitting ’ or ‘ trenching ’ nightsoil, carried out at 
nightsoil depots situated at some distance outside municipal limits. In this 
method, the nightsoil is let out into trenches three or four feet broad and 

equally deep, dug in the ground, and is then covered over with a layer of 

rubbish or more usually with earth. The Nasik Municipality has paid parti- 
® j attention to the details of a proper system of trenching so as to avoid 
odours and flybreeding and to hasten the drying up of the material. The 

product so dned is usuaUy designated as ‘ poudrette ’ and sold as manure to 
tlie ryots. 

The poufette ’ method of disposal of nightsoil has been in general use 
m mumoipahties in this country for the last five or six decades and is even 
now preferred to the method of ‘ composting since it is felt that the former 
method IS simpler ta carry out and_ requires less expense and supervision. 
But, unfortunately, this method of disposal brings Httle return to the muni- 
o^pahties. The annual income realized by sale of the poudrette in the trenches 
after a year of drymg, amounts on the average to a few hundred rupees only 
as apinst the expense of several thousands per year incurred for the coUection 
of nightsoil and street rubbish. This low income is partly attributed to the 
persistence of the smell of nightsoil in the poudrette, since the latter is more 
or less only dned_ mghtsoil, and it is well known that the Tndian rvot has a 
sentimental aversion to the handling of such a product pLeather, 18961 It 
IS also possible that dumg the process of poudrette-makmg, as ordinarily 
practised by municipalities, a good portion of the manurial value is lost from 

^ inferred from a typical analysis quoted by Leather 

[1895] of a poudrette prepared m Cawnpore, viz. 
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Table I 

Analysis of poudrette from Gairnpore 



Percentage 

Moisture 

2-64 

Organic matter 

■ 7-B2 

Earthy substance • 

89 -M 

nitrogen . . 

0-468 

Phosphoric acid 

0-499 


In view of the prevalent custom of most nninicipalities in India, of (!on- 
verting their nightsoil into poudrette, it was eonsidcrod advdsablc? 1o comiiare 
the relative efficiencies of the poudrette method and flic liot fermentation 
process of composting from the point of view of the eonservfitioii of mamirial 
constituents and other factors such as hygienic ixHjiiirements. cost <jf opera- 
tion, net income to the municipality etc. 

To start with, the writer would like to clear tiji a certain amount of indefi- 
niteness which seems to persist even at present in the relative use of tlie terms 
‘ poudrette ’ and ‘ compost in relation to the treatment of nightsoil. Before 
the principles of compost making became clear as the result (d' the pioneering 
work of Hutchinson and Richards [1021], the term pondrtdie wtis indiscrimi- 
nately aijplied to mixtures of nightsoil with other tmiierials. either oi'ganic 
such as rubbish or inorganic such as soil or ash [Leuthm-. IBttd : Ivelkai-, 1000]. 
But now the term ‘ compost ’ is generally applied to ludky organic materials 
which have undergone fermentation, usually by the n<ldition of a nitrogenous 
starter. Since nightsoil is one of the best .starters that could be used for this 
purpose, the term ‘compost’ would properly apply to the proiluct obtained 
by fermentation of bulky material such as street sweepings with the aflditlon 
of nightsoil. The term ‘poudrette’ is best restricted to the [irodiu'ts ob- 
tained by dehydration of nightsoil either witli dry eailh or otheu- materials 
such as ash, .sawdust, lignite or by the action f)f heat [Bruttini, li)2:}]. 

Kinds of powlrettas . — Nightsoil can be converttHl into poudrette by one 
of .several ways : viz. (1) by simple exposure to the sun iii trenciies. as in the 
Na.sik system" with a thin covering of rubbish in order t o prevemt llybrecding ; 
(2) by the addition of woodash in shallow beds and tlmrough mi.King, as in 
the Poona system [Kelkar, 1909] ; (3) by the arlditiun of otheu’ drying agents 
such as powdered lignite, peat, sawdust etc. [Bruttini, l‘>23J or' (4) by the 
effect of heat, along with the addition of chemicals such as chlorine, sulphuric 
acid etc. in order to remove the odour | Bruttini 10231. Of fliese methods, 
systems 1 and 2 are simple and are easy of adoption h.v mf)st muniOpalities in 
this country, whereas systems 3 and 4 require either siK'.cial ecpiipment or 
require materials in large quantitins which are not easily availabhj at most 
centres. Hence, in the investigations reported in the iwesent papoi-, parti- 
cular attention was paid to sy.stems 1 and 2 only mentioned above. 


Poudrette without the addition of any DBnyoRATiNa agent 

Fifteen hundred lb. of nightsoil were led into trenche.s 2 ft. broad, 3 ft. 
deep and 5 ft. long. The nightsoil occupied a depth of 2| ft. iti the above 
trenches and was covered over loosely with a layer of the organic fraction of 
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, street sweepings to a depth of about three inches. Fifty lb. of the organic 

refuse were used for the purpose. The experiment was carried out in duplicate 
and observations were made on the changes undergone in the system. 

I It was noticed that in about 48 hours there was rapid frothing and lique- 

faction of the mass, as evidenced by the nightsoil separating into a solid layer 
at the bottom and a thinner opalescent layer at the top. Bubbles of gas were 
given off from the mass, which burst open the rubbish layer at places ; this 
indicated that probably the lower layers of the mass were undergoing anaerobic 
I decomposition. The gases evolved were not analyzed, but tests with, litmus 

f and turmeric papers kept in the midst of the rubbish covering the top, showed 

I the evolution of ammonia. This was confirmed by keeping a glass basin con- 

I taining a known amount of standard dihite sulphuric acid on the rubbish, 

I which absorbed considerable quantities of ammonia. 

I Portions of the upper liquid layer were taken out, after removing the 

I scum at the top and were anatyzed for ammonia on succeeding days, with the 

I results shown in Table II. At the end of a week, the mass rapidly settled down 

\ and the upper opalescent liquid layer had slowdy disappeared, due probably 

j to seepage into the ground. It is evident that a good portion of the ammonia 

j contained in this layer must have been lost either by diffusion into the air or 

f by seepage into the ground. 

I ■■ ■ 

I Table II 

' Evolution of ammonia from nighsoil in trenc kes 

I 

j Days from start ' 

i ■ ■ 


NHg N in 5 c. c. 
of opalescent 
upper layer 
mg. 


I; 


i 





I 


2 . 

3 . 

4 . 

5 . 

6 . 
7 . 


3*6 

5*2 

6*8 

4*6 

3*2 

2*1 


, The ma,ss was allowed to remain in the trench for six months, at the end 
of Avhich period it had dried completely and got into a powdery condition, 
partly mixed with the surrounding soil and the rubbish added at the top. 
The mass still smelt strongly of nightsoil, indicating that the process was 
more one of drying than of decomposition. The mass was scraped out, weighed 
and analyzed. The data obtained are shown in Table III. The analytical 
and sampling procedures were the same as reported in an earlier communica- 
tion [Acharya, 1939]. In the present case also the resulting manure was 
contaminated by the addition of a considerable amount (about 94 lb.) of ex- 
traneous soil from the trench and outside ; a correction has been applied for 
tbi.? soil contamination according to the method reported in an earlier paper 
[Acharya, 1940] and the corrected figures are shown in column 4 of Table III. 
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Table III 

Poudrette from nightsoil 


The percentage recoveries of the original constituents given in column 5 
of Table ill, would show that nearly half the manurial constituents and in the 
case of nitrogen more than half are lost during the process of potidrette mak- 
ing, if the nightsoil be allowed to dry by itself without the addition of soil. 
Since the losses fall equally on the potash and phosphoric acid as well as on 
carbon and nitrogen, it is presumed that most of the loss should have been 
due to seepage into the ground of the liquid fk-aetion formed in the preliminary 
liquefaction of nightsoil. 

The percentage analysis of the final poudrette obtained is shown in column 
6 of Table HI. The data show that the manure is of good quality inspite of 
the heavy losses of manurial constituents during the process of poudrette 
making. The above losses are masked to a certain extent by the small retwery 
of manure obtained by this method. From 1500 lb. of nightsoil (fresh weight) 
only about 300 lb. of poudrette are obtained whereas the same quantity of 
nightsoil would yield about 2000 lb. of dry manure in the form of com- 
post. 

As regards the hygienic aspects of the method it was noticed that smell 
nuisance and flybreeding could not be effectively overcome by the loose cover 
of rubbish put on top of nightsoil. 

Niohtsoil-eaeth poudbettes 

In this method, 1600 Ib. lots of nightsoil were let into trenches of the 
same size as in the preceding experiment, but the nighteoil was covered over 


. 

Constituents 

Taken at 
the start 
1600 ib. 
N, S. +60 

lb. 

rubbish 

(lb.) 

Recovered 
at the 
, end as 
poud-. 

: rette 

(lb.) 

Recovery 
corrected 
for soil 
containi- 
imtion 

; .(lb.) 

Percent- 

age 

recoveny 
" of. 
consti* 
iiientst 

Pereent- 

ag© , , 

analysis of 
pOEci- 
rette 

(Coliimii 3) 

1 

2 

3 

4 

■ . 6 


L Dry matter . 

337-7 . 

308*8. 

213*7 

63*28 

• « 

2. Ash free organic matter . 

266 + 

133*8 

132*6 : 

' 61*68 

43*33 

3* Carbon 

164+ 1 

76*8 

: ' 76*2 

49*20 

24*87 

4. Nitrogen 

17-11 

7*13 

7*08 

i 41*38 

2*31 

Ash ' . . » . 

8M 

176 + 

; 8M 

100*00 

i j 

66*66 

6, . . , , , . ^ 

1 12-18 

6*38 ; 

6*36 

62*23 ; 

2*07 ' 

7. KjjO . . 

6-86 1 

3*94 

3*72 

64*23 1 

1*28 

, , i 

i 

.. 

1 

i. 
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with a layer of dry earth six inches deep, instead of with a thin layer of organic 
I refuse. When cracks appeared on the surface, more soil was added. It was 

j found necessary to add 500 lb. of soil. 

The sinking of the poudrette mass was more rapid in this case than in 
experiment T, probably due to the rapid absorption of water by the soil and its 
subsequent evaporation jfrom the soil surface. The pressui-e of the soil layer 
at the top might have also helped to force down the liquefied portion of the 
nightsoil into the ground below, quicker. Flybreeding was effectively pre- 
vented in this method. The trenches were opened at the end of six months, 
j Undecomposed nightsoil was still present in lumps of black masses and the 

t poudrette smelt strongly of nightsoil. The mass was scooped out of the 

I trench, along with the soil and was weighed and analyzed. 

; The analytical figures are summarized in Table IV. In addition to the 

500 lb. of soil added to cover the nightsoil, further soil to the extent of about 
f 200 lb. had got mixed as extraneous contamination. Due correction has been 

1 applied for this and the percentage recoveries of the constituents are given 

I column 5 of Table IV . These figures are similar to those given in Table III, 

I though the recoveries are slightly better in the present experiment. The 

I higher conservation of nitrogen is probably due to the absorption of ammonia 

i % the soil layer at the top, which otherwise might have been lost into the 

I atmosphere. 

Table IV 


Nightsoil-earth pmidreUe 


Constituents 

Taken at 
the start 
1600 lb. 
N. S. -f- 600 
lb. soil 

(IbO 

Recovered 
at the 
end as 
poudrette 

(lb.) 



Recovery 
corrected 
for soil 
contami- 
nation 

(lb.) 

, 

Percent- 

age 

recovery 

of 

consti- 

tuents 

j Percent-: 
age 

analysis of 
poudrette 
on dry 
basis 

(Coiximn 3) 

' 1 

2 

3 

4 

6 

6 

L Dry matter . . ^ 

777-5 

846-3 

664-1 

84-14 


2* Ash free organic matter , 

236-6 

114-6 

112*1 

47-62 

13-63 

3. Carbon . . , 

142-5 

•8 

68*6 

41-14 

7-07 

4. Nitrogen . . , 

16-76 

8*71 

8*61 

51-41 

1-03 

5. Ash , 

642-0 

741*8 

642*0 

100-00 

87-64 

6. . . , . ■ . 

12-0 

6*83 

6-79 

66-62 

0*81 

f.MiiO .* / . . , . 

7*6 

3*99 

3*66 j 

47-43 

0*47 
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The ]>reseiice of a soil layer at the top improves the hyLpenic aspeets of 
the method, but does not prevent the loss of the liquid portion of !iit£htsoil 
by seepage into the ground and the consequent loss of iiianurial (constituents. 
This can to a certain extent be avoided by inters|)crsing thin layers of 
soil and dry earth one over the other, but this would mean the addition of 
much larger quantities of earth than have been added in the ])res(mt 
ment and the consequent increased dilation of the manurial value of the pond- 
rette.-. ■ ■ ■ ■ 

Tlie figures given in column G of Table IV would show that eveii wlicm 
only oOOlb. of soil are added to 1500 lb. of iiightsoih whieh eor!’(rs|>onds to a 
six inches layer of soil over a 2i feet layer of nightsoih the manurial value of 
the resulting pouderette is reduced considerably. The prudiud contains l>arel.y 
1 per cent of nitrogen, 0*81 per (-ent of PoO,-, and 0*47 pert* (uit ot 1x2^1 and is 
comparable to an ordinary type of compost; the organic matter c'<mtenl is 
however lower in tlie former ease. The yield of poudivtte in prc^scnt 
instance is about 846 lb. from 1500 lb. of nightstal (fres!) w(4ght }. As obs(U‘ved 
already, about 2000 lb. of dry manure in the form of compost routd be* olUained 
from the same quantity of nightsoil. This would show that timugh tfu* 
covering over of nightsoil with earth in ])oudrette-tnaki!n£ secauvs an iinprove- 
ment over using a loose cover of organic refuse, this iuclla^d cainaU compare 
with the composting process, so far as the full ulilizaticm of tiic manurial (‘ons- 
tituents of nightsoil is concerned. 


NiQHTSOIL"ASH FOtJDBKTTIu 


This system was given an extensive trial by the Poona .Mnnii*ipaiity In the 
beginning of this century, before the city was tiitt'd up with undcrurimtnl 
sewerage. Kelkar [1909], however, remarks that in 1906 tin* systtnn was 
given up by the municipal (Contractor in favour of wfuit at pres^ml wn would 
call a method of composting with town swee[)ingH. ]>r(^sumably because t\w 
latter method gave a higher yield of manure from the sajne quantity of night- 
soil. * , ■ 

Experiments were first carried out, in the [)resent investigaii^ms, on the 
use ()f different proportions of nightsoil to wood-ash, and also on the use of ecml- 
ash in place of wood-ash. Large quantities of (*oh] ash are available at some 
centres, especially near railway workshops and factories. The preliminary 
experiments showed that when the amount of ash added was less than ii} per 
cent by weight of nightsoil (fresh) taken, the mass did not become solid. 
When one part by weight of ash wavS added to two parts by weight of nights 
soil and the whole well mixed, the resulting prodm^t was a solid mass whicfii 
easily dried when exposed to the sun for a day. The above proportion by 
weight corresponds roughly to a proportion by volume of equal quantities of 
wood- ash and nightsoil. The poudrette so obtained was ash-grey in colour 
and possessed, if at all, only a faint trace of odour. Even this trace of smell 
could be got over by the addition of about 10 per cent of powdered charcoal 
to the wood-ash. 

Coal-ash was found to be equally satisfactory as a dehydrant deodori- 
for nightsoil : but a serious drawback of coal-ash lies in the large amount 
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of iron fliUcl fliluniinsi contfljinod in if. If is woU known fk&f Bj liigii proportion 
of fhese is inimical to plant growth and renders unavailable the phosphoric 
acid present in the manure as well as that already present in the soil. 

Table V 


Mineral composition of nightsoil ash, wood-ash and coal-ash. 


Constituents 

Nightsoil 

ash 

Wood-ash. 

Goal- ash 

i 

1. Si 02 + insolubles 

23-76 

21-45 

32-20 

2. Fe ,03 + AI^O, 

7*85 

12-60 

41*82 

3. CaO 

20-16 

33-60 

4-59 

4. KjO 

10-11 

5'30 , 

0-92 

5. Pps 

18-87 

3-18 

0-41 


The relative composition of the ash constituents present in nightsoil, 
wood-ash and coal-ash is shown in Table V. 

The preliminary experiments were followed by semi-large scale experi- 
ments carried out with 1000 lb. lots of nightsoil to which 600 lb. of wood-ash 
or coal-ash were added. The mixing was done with long handled spades in 
shallow wide trenches, bricklined and plastered inside. Immediately after 
mixing, the grey, solid mass was taken out and spread out to dry on brick- 
lined platforms in the sun for a day or two ; after which, the bigger lumps were 
broken down with a wooden mallet and the manure was ready for being packed 
in bags for transport. From 100 parts of nightsoil (fresh weight) and°50 parts 
of ash, about 75 parts by weight of sun diy poudrette, containing about 10 
per cent of moisture were obtained. 

The chemical composition of the poudrettes obtained by the use of wood- 
ash and coal-ash respectively is given in Table VI. It will be noted therefrom 
that the coal-ash poudrette is equal to the wood-ash poudrette in regard to its 
i content of organic matter and of nitrogen, but is much poorer in calcium, 

I potash and phosphoric acid. Field trials with the above two types of poud- 

= rettes — to be reported in a subsequent commimication — also confirmed the 

t much superior manurial value of the wood-ash poudrette. 
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Table VI 


Comparison of ihe chemical composition 
{analytical figures 

of wood-ash and cml-ash povdrHles 
on, dry basis) 

Constituents 

Poudrette of^niglit- ; 
soil with 50 pk*r 
cent w^ood-asli 

1 

j 

Poiulrcdite of night- 
soil with 50 per 
cent et tab ash 


(Per cent) ; 

{Percent) 

1. Asli free organic matter 

18-61 

18 

2. Carbon 

11*12 

j ' ' 11*86 , 

3. Nitrogen 

1-32 

1 , l-SO 

4. Ash 

81 -49 

r 8M6 

f 

6. KgO 

4-17 

i' ■■ 1*11 

6. P A 

j 2-84 

I 

r-oi, ■■ 

7."CaO' 

1 24-24 

■ 4*31 ' 


The advantages of the ash poudretto n.ellHxl _as cmipare.! with tl.e earth 
poudrette method described in section on ‘ night -sod eaith poiuhette 

ibove or the natural drying of night-soil cxauimed in s'-ct ion on ‘ poudrette 
without the addition of any debyrating agent above arc ; (1) the ro]ndity 
with which the process is finished, the ash-poudivtie met hod reijuiring only 
two to three days, as against six to eight inonllis needed ni the other two 
cases • (2) the smaller amount of space required, ihe ash- pomlrette method 
requiring only a shallow tank for mixing ojxn-ations and a dp-mg yard, where- 
as the other metliods require long trench spa<o ; (li) the ctleelive control ot 
smeU aiid flybreoding secured in the ash-|Kmdretic inetlRnh so that the |)o\Ki- 
rette makuig unit can be situated (juite near to towns insifunl of at, a consi- 
derable distance from towns as in the other methods ; tins nmans consulerable 
savin" in cartage expenses ; (4) the absence ot a loss of mamirial <‘onst ituents in 
the ash-poudrette method due to volatiUmtion or to seepage into the gnnind ; 
(5) the considerable increase in the manurial value of the product obtained, 
due to the addtion of wood-ash which is rich in calcium, potash and phospho- 
ric acid * (6) the greater yield of manure obtained by the wood-anh method^ 
as compared to the other two methods. The use of ooal-ash in plac« of 
wood-ash secures the advantages mentioned above, except No. 5. Jn .fact, 
the manurial value is adversely affected due to the high concentration of iron 
and alumina present in eoal-ash. 

Discussion 

^ In Sfaftggin g the relative merits of the poudrette vs.composting systems 
for the disposal of nightsoil, the following points have to be considered froin 
the point of view of the municipality, viz. (a) hygienic considerations of smell 
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flybreeding and thorough destruction of noxious products ; (6) simplicity of 
operations and cost of process to the municipality ; and (c) the yield and qua- 
lity of manure obtained and the net income obtainable by the municipality 
over and above the cost of processing. It will be convenient to consider these 
points separately. 

{a) Hygienic considerations 


The Nasik system of covering the nightsoil in trenches with a thin layer 
of rubbish (katchra) would appear to provide scope for flybreeding, unless 
stringent precautions are adopted to cover up immediately the portions where 
the nightsoil froths up and bursts the covering, especially in the initial stages. 
Since the process is mainly one of drying, the nightsoil does not undergo 
satisfactory decomposition and the resulting poudrette still retains an offen- 
sive odour, which becomes perceptible when the material is spread on the land ; 
the smell is carried in the direction of the wind over several miles even. It is 
this drawback which militates against the more widespread use of this material 
in our country — especially in areas where the farmer lives on his land. 

The covering of the nightsoil trenches with a thick layer of mud six inches 
deep or more, satisfactorily prevents flybreeding. The microbial decomposi- 
tion is greater in this case, due to the sinking down of the soil and its admix- 
ture with the nightsoil. But the admixture is not thorough, nor does ordinary 
earth by itself supply the carbonaceous material necessary for effective decom- 
position. As such, the decomposition is only partial in this case and the re- 
sulting poudrette still smells of nightsoil, though to a lesser extent than in the 
case where nightsoil is dried by itself. A marked disadvantage of adding earth 
to nightsoil, for purpose of drying, is the considerable dilution of manurial 
constituents produced thereby. This point will be dealt with in more detail 
under manurial considerations. 

The ash-poudrette method is a distinct improvement over the other two 
systems, since wood-ash acts as a satisfactory disinfectant and also removes 
most of the smell. Fly breeding is successfully prevented. The main draw- 
back of the ash-poudrette method, from the hygienic point of view, is that it 
does not secure a thorough destruction of the noxious products e.g. through 
a process of fermentation as the composting process does. The nightsoil 
ash system is more or less a mechanical mixture — at least for some weeks after 
its preparation ; and the addition of water is generally enough to separate the 
constituents and regenerate the undecomposed constituents of nightsoil. 

From the above point of view, composting is the most hygienic method 
of disposal of nightsoil. The material is so thoroughly decomposed in the 
process, that the resulting product possesses generally a pleasant earthy smell 
and is devoid of any unpleasant odour. If the hot fermentation system of 
composting be adopted, flybreeding and smell are most effectively over- 
come. 


(6) Simplicity of operations and cost 

It is no doubt true that the present system of ‘ trenching ’ the nightsoil, 
as adopted by most municipalities in this country is simple, but it is highly 
in efiieient from the manurial point of view. With a little more control and 
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supervision, it is possible to compost the nightsoil with street .rubbish in the 
same trenches as are used at present, with the result that a inucli greater 
quantity of manure of good quality could be obtaiiied. 

The preparation of wood-ash-nightsoil poiidrettes, ii properly organized, 
may prove to be the simplest of all nietliocLs oi disposal oi^ nighls<jiL The 
process requires much less space and time than iho trenching method and 
the cost of operation is proportionately decreased, it may be possible to cut 
down the time and space required for the aslupoudixdto method still further, 
by carrying out the operations with simple machin(a*y at Idglmr temperatures, 
e.g. 60 - 70 ^C, such that a dry product is obtaine(l straight from the ' mixer’, 
which is ready for immediate packing and transport. 

But the ash"poudrette method suffers from one or two serious disadvant- 
ages, which detract greatly from the value of its simplic-ity and cheapness. 
In the first place, it requires large supplies of wood-ash which may not be 
readily available. About six to eight tons of wood-ash |>er day may be required 
to deal with the nightsoil collected in a town with a pofmlation of about 100,000. 
The Poona Municipality tried to overcome this diniculty [Kelkar, 1.009] by 
burning the organic portion of street refiise and using tlie ash so obtained. 
But this method should be considered wasteful, siiH^e it involves the loss of 
organic matter and of nitrogen contained in such st.iuei refuse, which possess 
distinct manurial value on our soils wliicti are jioor in orgarii<.i matter and 
nitrogen. It would be sounder economies to vonxnvt suefi organic street 
refuvse into manure by a process of fermentation. As tm alternative to the 
method of burning street refuse, for obtaining the asli contahied therein, 
municipalities can. have recourse to a systematic <,‘oll<H*4Jon of Jiouse hold ash 
separately from the dustbins and subjecting tins to a preliminary heating !)e- 
fore using it for poudrette making. This metluKl may pnjve practicable in 
some of the smaller munieipalities. At other ceiiircH where eoal-ash is avail- 
able in large quantities, this may be used to suppienient the available supplies 
of wood-ash. 

(c) Quantity and quality of manitre ami inmmie to the mumcvpality 

Table VII gives data comparing the chemical composition of poiidrettes 
against composts of nightsoil with street sweepings. In assessing tlie riilativc 
merit of any one method of disposal of niglitsoil in. comparison with another, 
consideration should be paid not merely to the chemical eomfiosition of the 
manure prepared but also to the total quantity of it obtainable by tlie method 
in question. Thus, referring to the data presented in Table VH one would 
note that the poudrette obtained by simple drying of nightsoil in trenehes 
with a thin covering of rubbish (Nasik systetn) is very satisfactory in its 
chemical composition and contains a higher percentage of nitrogen, organic 
matter and phosphoric acid than composts. But the amount of maiiuro 
obtained by the method from 1000 lb. of nightsoil is only 270 lb., including 
the rubbish added and extiuneous soil contamination, while the hot fermenta- 
tion system yields over five times the above quantity of manure (on dry basis). 
The system adopted by most municipalities of covering the nightsoil in tren- 
ches with a heavy layer of soil, yields a larger quantity of manure, viz. 564 Ib. 
than the Nasik system, but in this case the manurial constituents are very 
much diluted by the inert mass -of soil added. In spite of the dilution, the 
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resulting poudjette contains about 1 per cent of nitrogen and 13-5 per cent 

land^Xt'thftet^?'^ satisfactory for application to 

a t4a of^thflt T« nW of manure obtained by this system is still only 

t ird of what is obtamable by the best systems of composting and the chemi- 
cal composition is definitely poorer. S ana Me cnemi 

Table VII 




Poudi'ette 
by drying 
nightsoil 
with a 
thin 

covering oi 
rubbish. 

Nightsoil- 

Nightsoil- 

1 Compost from N. S. 

1 and street rubbish 



earth 

poudrette 

wood-ash 

poudrette 

i Hotfer- 
1 mentation 
method 

Aerobic 

method 



ib. 

lb. 

lb. 

1 

j ■ lb. 

Ib. 

I 

Yield of manure (dry wt. 

from 1,000 lb. fresh Mght- 
Soil. 

270 

564 

700 

! 1,600 

1,000 

i 

Percentage analysis of 
manure on dry basis 

Per cent 

. 1 

. 

Per cent 

i 

Per cent 

1 

: i 

■ 

Per cent 

1 

Per cent 

i 

1. Ash free orgnic matter . 

43-33 

13-63 

18-51 

31-85 

28-89 

) 

2. Carbon . * 

24-87 

7-07 

11-12 

18-01 

14-98 

i 

3. Nitrogen . . 

2-31 

1-03 

i 

1-32 

1-13 

0-99 

f:y 

t 

4. Ash 

66-66 

87-64 

81-49 1 

68-15 

71-11 


m . ... 

2-07 

0-81 

2-84 1 

1-08 

1-48 

t V, 

6. K^O , . . . 

1-28 

0-47 

4-17 

1-06 

1-48 


7. CaO . . . 

-- 

• - 

• 24-24 

9-12 

12-77 


r i : .7 XUCI.UUU on rne ocner Hand has the 

idiZd dtogS “ ®°°'* pWhoric 


quantities of phosphoric acid nnt*,«h 
thn m'the ash-poudrette are two to fou^ times as ereat as 

U~£r°”M’ShT“* *" ,“'i tta mtrogen percentage is eSh% 

e<lne,nicfrCsrXr:?;Lt ^ 

supposition that the organic portion of street rubbish is ineinerateil to^oien 
the ash requir^i in the former method. The rtsmlj o1 suritm ^rS“ 
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study are presented in Table VIII. Data for the preparation of coal-ash - 
nightsoil poudrettes are also included, thoTigh, as already pointed out, the 
manurial value of such poudrettes is much less — tiie reason for the inclusion 
being that large quantities of coal-ash are available as waste material at 
several centres. 

Table VIII 

Gomparison of theeconcmdcs of conversion of nightsoil ivto mmjmls and asJi- 

'poudrettes 


Bata per ton of compost (50 per cent moisture) or 
per ton of pondrette (10 per cent moisture) 


Compost' of will) 

street sweepings. 


Pumlrette of VNightsoJI 
witli mk 


Mot 

fermentation 

process 


Aerobic 

inetiiod 


W<jod-aHlit 


Coal-asb. 


Mefme required. 


Nightsoil 
Street sweepings 
Wood or coal-ash 


Extra cost to the municipality in preimring compost or 
pondrette per ton of manure. 


Plant nutrients per ton of manure (50 per 
cent moisture in composts and 10 per 
cent in ash poudrettes). 


N 

PaO* 

KaO 

CaO 

Organic 

matter. 


Price of above nutrients at normal market rates for in- 
organic fertilizers viz. — 

Bs. 6 per unit of N (1 per cent per ton) . . 

Bs. 25 per unitofE:aO andPa06. . . . 

Be. 0*1 per unit of CaO. * • . . . 

Be. 0* 05 per unit of organic matter. 

Price of above nutrients calculating on the basis of 50 
per cent availability of the nutrients. 

Expected sale price per ton of manure , . 


Profit over cost of preparation per ton of manure . 


Amount of manure that could be prepared in a munici- 
pality of 100,000 population. 


Annual income to municipality after deducting extra ex- 
penses incun'ed for manure preparation. 

Approxinmte annual expenses of municipality of 100.000 
papulation for collection and removal of nighfcil 
and street nibbish (excluding supervising staff). 


Ifo. 

750 

1,250 


Be. A. l». 
0 S 0 

Per cent. 

0-57 

0*54 

0*53 

4-56 

15-02 

Bs. A. J*. 


3 6 0. 
2 0 0 


1,100 * B,0CI0 

1,050 ... I 

'■ ... 1,500 I 

Be. A. F. , Ke. a. f. < 

1 0 0 0 ■ 8 0 j 


;Pc.r cent. 

0'40' 

0 - 74 . 

0*74 

k-m 

14-45 


Ite. A. F. 


Pci' cent. 

J-10 

U-T5 

21-82 

10-00 


liB. A. F. 


lb. 

, 3,000 

1,500 
Its. A. P, 

0 B 0 

Per cent 

'■1-17'' 
l-W) 
1*18 ' 
B-88 
10-90 

,, Bs. A, i'., ■' " 


2 0 0 5 0 0 .. 
At Be. I per cartload (| ton) Supplied by weii?ht pet 
of manure (50 per cent ton (1,0 per cent inois- 


moisture) 

1 8 0 
Tons 
12,000 

Bs. 

18,000 

36,000 


i 0 0 
Tons 
8,000 

Bs. 

8,000 

36,000 


tuie) 

4 8 0 

tfoBS , I'/ 
3,000 ' I ' 

Bs* 

13,600"' 

30,000 


2 0 0 

:^Tows*":, 

3,000 

Bs. 

6.000 

30,000 
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s-KssssSssS 

compost making woUd be SL Zonl.Te^ttarg^^pVenlTaMe'^ 

serobic method. § loss of organic matter in the 

(Tab?viII)^tr?ta^e/from Tab?e VTT manures 
been calculated on the basis of the norm pnee per ton of manure has 

ingredients such i ^ro^ 

in the corresponding inorganic fertilizers calcium contained 

only the uppi limit, fo^ftTs wS Sown represent 

organic manures such as comoncsfQ -p present in bulky 

available for plant growth an/a^t only'Ky ”Tr^Xal'’”‘l’’"‘?“’' 
organic manure however ia qw iwov>^ j. j.^ >-iuwiy. j.ne residual value of an 

must be made in assessing the cost 
ments extending over seleraT dSad/, of 

Woburn [Rothamstif RepSt wfof S;h ? Rothamsted and at 

about 50 per cent of SLfef If f f that 

crops and In the J ovtr aTerioLf Z™ 

lost, either into the atmosphere or Lto the Vk 50 per cent is 

trials with composts in ordw to asses<^ fho^^ •+ .p°™!®PO“ding field 

types of composts have not been made but itf availability of different 
of composts prepared from niahtsol? thef f f t^® ®ase 

least 50 per VI AeJuS field of nitrogen would be at 

seasons, have shown that such nivhtsoil f at Bangalore, over several 

crop yields than farmyard mtml poudrettes give higher 

phoSicSfldd f “r®""*” “ I”"'. 

but taking on a rough averave^that aIJ no bob been determined, 

of 50 per'oent, the pric^ I™™' “ o^ten 

m the oaee of nighteoil coLoTt iL ia£? ^ ^-I2-<> 

E>. «-4-l>forth, coal.ash-pS£tatS' *'‘0 b'ood-.eh-poudrette and 

to tbe“o,rofS2ep«t£nLl«^ oomideration m„,t be paid 

land, probably eeveral miles off. in ord«: £ prX'£To\i°the Xve 
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factors, the actual sale prices of the manures are fixed in Table VIJI at about 
A to i of their intrinsic manurial value. Thus, the composts are priced at 
Rs. 2 per ton, i.e. at Re. 1 per cartload of half a ton, while the wMd-as.i-poud- 

rette is priced at Rs. 5 per ton and the coal-asli-pondrette at IvS. per 

The profit over the cost of processing, is found to be greatest in the case 
of the wood-ash-poudrette, being Rs. 4-8-0 per ton, as compared to Rs. 2 per 
ton obtained for the coal-ash-poudrette, Re. 1-8-0 ])er ton lor the hot fei mcntiid 
compost and Re. 1 per ton for the aerobically prepared compost. But these 
nrofits have to be weighed against the respective total quantities oi manuie 
that could be prepared in any particular area. In a immidpality witli a popula- 
tion of 100 000 for instance, about 4,000 tons of nightsoil and 20,000 tons of 
street sweepings containmg about 5,000 tons of organic refuse, may be expected 
to be collected per year. From this amount of refuse, it would bo possible to 
prepare about 12,000 tons of compo.st (50 per cent moisture) by the hot fer- 
mentation process, 8.000 tons of compost (50 per cent moisture) by the aerobic 
method and only 3,000 tons of poudrette manure (10 per cent moisture) either 
with wood-ash or with coal-ash. Multiplying the profit per ton of manure 
hv the respective quantity of manure prepared, we liiid that tlie greatest 
income to the munieipality'(Rs. 18,000 per year) could he expected by adopting 
the hot fermentation system of composting, followed respectively by the 
wood-ash-poudrette method (Rs. 13,000), the aerobic method of composting 
(Rs 8,000) and the coal-ash-poudrette method (Rs. ibOOb). 

It will he interesting to compare the above incomes with the average 
expenses incurred by a municipality of the above sisse. for tlie actual collection 
and transport of nightsoil and street rubbish (excluding the salaries of the 
supervising staff), which may he estimated at about Rs. 36,000 per yep. 
Hence, by adopting the hot fermentation procc.ss of (-(imposting, it would be 
possihie for the municipality to recoup about lialf of the expenses incurred 
for the collection of town refuse in its area, whereas by i lie wood ash poudrette 
method more than a third of the above expenses could he recovered. This 
income is in addition to what the municipality could obtain by a preliminp'y 
sorting out, from street rubbish, of products such as w'aste paper, rags, tins, 
leather, iron pieces, glass etc., which could he marketed separately and he 
made to yield a considerable revenue, especially in the bigger rnunieipalities. 

A greater income than the above could be obtained by a judicious com- 
bination of both the compost and ash-poudrette methods. It has already 
been pointed out in an earlier communication [Acharya, 1940] that though 
the hot fermentation process of composting secures a better conservation of 
nitrogen than the aerobic method, still about 20-25 per cent of the nitrogen is 
lost in the former case. This loss was attributed to the narrow 0 : N ratio of 
nightsoil (about 8 : 1) and of street sweepings in India (about 25 : 1), and, 
consequently, of a mixture of the two. It was pointed out also in the 
communication that the loss co\dd be minimized by widening the initial 0 : N 
ratio, which could be effected to a certain extent by decreasing the proportion 
of nightsoil : organic refuse : soil fraction below the ratio of 2:2:1 (by 
weight) used in the above experiments. This would mean the setting free of a 
portion of the nightsoil to be disposed off othervnse than by compostinp 
The quantity of nightsoil so liberated could best be converted into wood-ash- 
poudrette. 


Ill] COMPOSTING TOWN ENFUSN SNB OTHER WASTE MATERIAL, IV 
Of the m«rl'SrS“ SSelf- “ 

house-hold »sh and street sweepings) w th °hTw'‘l*“ •'."“’“‘’“S HightsoU, 
during the process of cnn-iTAr-o^rtTi those constituents 

muniSpaUtrnrpVS^^^^ on'bXr; '' " 

side viz. prenaratinn nf noV. vs j.a of manure-making side by 

The quantity of nishtsoiruspH'^f ^ ®id composting with street sweepings. 

on in a ftlSn Tre. ' ““Porting could be caXd 

But in the ease of denselv V 1 at present and in a much shorter time. 

enough space for coSSSiif provision of 

such oases it is possihlJin ^ pi^poses may offer practical difficulties. In 

about 16 days) with the help of closed cells at a rapid rate in 

Process recently adopted bv the Kph devices, as in the Hyganic 

for deahng with its t^wn refuse Borough Council [Anstead, 1939] 

ed procesLs, as commrpH fr;p - economics of such mechaniz- 

making described in this naner vpa *yP®® of composting or poudrette 

especially under Indian ^onrbR further and more detailed examination, 
manuresf befoS the SoSfon S”" t 

mended. adoption of such mechamzed systems could be reeom-' 

; ^ SXJMMABY 

1. A critical study has been made of thp 4 . 

preparation, e.g. by use of (a) nightsoii without thfSt^® poudrette 

soil plus earth and (c) nightsoii asT bi aa ^ addition of earth; (b) night- 

composting, with special feferencS to : teihydScA^-'i method! of 

value of the products obtained, as revL ed = (6) manurial 

of nitrogen, organic uiatto,'*3io8lihoric’loU°md^ itself involves heavy bases 
of mghtsoil and seepage of the liouid nnrfi • f P°f^®b, due to liquefaction 
of dry earth decreas?s"the lo^es rsoSL'tlS V / 
ties of earth are requii-ed, the resulting product nfn^*it+® considerable quanti- 
in manurial constituents. ° ^ cif mghtsoil with earth is low 

to c>ommenYfft!Frmn tL°hy2!^c^S features 

mg method of disposal of Shtsdl Tb? standpoints, and is a pronS 
eompaet pl.„, guib rapidi;, saving spacelTS aM 1 
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of high ma:iarial value, which could be readily transported and sold over a 

wider area than compost}. 

4. The preparation, of woDd-ash-niglitsoil puiulrettes, suflei's 

from some serious drawbacks, viz. (?x) the difficulty of obtaining enough supplies 
of ash, and (6) the fact that the method does lu^t solve the pnd}lein of a satis- 
factory disposal of street imbbish. The total yield td inanure obtained by 
composting street rubbish with niglitsoil is nearly Uvi<'e as nuu*b, on the dry 
basis, as is obtaiiiabla by the conversion c>f rnghtsotl into tla^ ash poiKlr<‘tte ; 
and the net income to the municipality by adc)]>ting tlie eoniposting piticess is 
nearly I J times as much as in the other case. 

5. With a rmw to secure the advantages of both systems, it is !tM‘ 0 !nmend- 
ed that the system of poudrette making from nig lust >11 and w'ood-asli may !>e 
adopted to the limit of the local availability of wikhI (or lionse-hold) ash and 
that the remaining bulk of nightsoil may be composted wit h st retd !*u!>bish. 
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notes 

NOTICE 1 OP 1940 ( JANUARY, MARCH 1940) 

'T’HE following plant quarantine regulations and import restrictions 
A been received in the Imperial Council of Affricnltnr-.l , 

:u?rK“ S' 

1. Quarantine and other official announcements :— 

Dutch Elm Diseas Quarantine Regulations-modifications. 

2. Summaries of plant quarantine import restrictions • 

(i) Kiv^dom cf my-Italian Em ^/mo-cotton mtrictiom. 

(m) ^e.piMic of Paraguay-Basic Legi.sMion~th& difyest. 

{m) Republic of Turley— Prohibited plant pests Ind’ diseases 

t:S. «--I-Port permit fe. 

3. pSerrice and Regulatory Annmmcements— 

(/•) April— June 1939. ■ 

(ii) July— September 1939. 

4. List of Intercepted Plant Pests—19.38. 

CHANGES IN NOMENCLATURE 

W™ SVeTMhiltll'iSrf' Keseatch Institate fr„„, 

of til. • Pusa ■ * ariiS J Th. T ™‘‘ <» «lter tli, iiomenclaSre 

and others that niav in future be b^* at New'n'Tr -i? evolved at Pusa 
» ■ Imperiad Pusa ' variS iKumW „?S >>e known 

be preceded by the letters ‘I P ’ TV>i« « of the variety in each ease will 

for the milch herd of the Insti^^ite a?wl?TT' v'f adopted 

specimens of insects, funo-i etc This" cJini! specimens and 

earlier association of the Institute with the vwd^uTa''’ ami at^ 

to distinguish the strains bred by the ImriArial tv 4 I ^ time 

those which may be-bred by the Bihan AericStortrn ^vajrieulture from 

at Pusa. " Agricultural Department at their station 
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A list of the old and the new names of the Tarieties of crops tinder dis 
tribution is given below : — 

Old name New name 

^ Wlieat' - , : Pusa ' 

' ■ Do." . , 

Do. . . , „ . 

Do. . . . „ 

Do.. . . „ . 

Do. . . . „ 

Do. .. . . „ . 

Do. . . . „ 

Do.. . . „ . 

Barley . . „ Tjpe 
Do. . . . „ . 

Oats . . . „ B. S. 

Do. . . . „ B. S. 

Do. . . . „ Hvb. 

Do. . . . „ „ . 

Do. ... „ „ . 

Paddy . . Pusa l^'pe 

Do. . 

j? >> * 

Do. . * . „ 

Do. . . . „ 

Do. ... , 

Do. . 

”. 

Do. . . . „ 

Rakar. 

Do. , . . " " • 

Do. . . . * 

Do. . . . ” " ‘ 

; :: " : 

Gram. . . , , 

Do. . , . ' 

Do. . * 

Do. . . . ” ' 

Do. . . . '' ' 

Do. . . ” • 

Do. . . : :: ; 

Mima . 

Do. . . ' " " ‘ 

Do. . . ‘ 

Do. . . - - • 

Vfid . . - * 

Do. . . ' " * 

Do. . . * '' ” * 

Do. . . . „ „ . 

Lentil . • . 

• • • » Hyb. 

„ S. . 

Do! ! ! ; 

Linseed . . p,^aH! ‘ 

Do. . . . „ H. . 

Do. . . . H 

• »J -W.. • 

Do TT 


4 L P, 

12 I. P, 

52 I. P. 

80-^5 I. P. 

ill LP. 

114 ■ I. P. 
120 I. F. 

125 :lp. 

165 I. P. 

13 I. P. 

21 .1. P. 

1 I, P. 

2 I. P. 


■■‘S' '.t-'-.,'.,;;.- . 

\ . a' « l.L,-. 
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Sesamum . 

■: Do: ' .. 

'./■Do... , .. : 

Safflower , 
Ghilli 
Do. . ' , " 
Do.,;' 

Do. : , . 

Hemp ' 

Do. . 

Do. . 

Tobacco (iV, 1 
cum) 

Do. . 

Do. . 

Do. 

Tobacco (N. rt 
tica) 

Indian Hemp 


Old name 

Piisa Type . 


New Hibiscus. 
Pusa T3rpe 


Mew name 



REVIEW 



Supplement to Root Nodule Bacteria and Leguminous Plants, by E. B. Frf.d 
1. L. Baldwin & E. McCoy 

T HE authors have collected the references to tlie recent work and liav' 
listed the papers published from 1932, the date of puhiication of their nioiK)- 
graph ‘ Root Nodule Bacteria and Leguminous i’lanis npto 193R. A few 
pipers which were overlooked in the authors’ hook in 1932 arc also listml 
separately. The index is also supplemented by a list of .scicmtific nanu's oi 
all plants cited in the original monograph and by an author index. No attiunpt 
is made in this supplement to interpret the results of tin- recent investigations. 
The supplement will be useful as a comprehensive list of ref<‘r(mc('.s to worker.*^ 
in this field of research. [N. V. J.] 
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ORIGINAL ARTICLES 

EFFECT OF DIFFERENTIilL IRRIGATION 
SPACING ON THE FIELD BEHAVIOUR AND 
QUALITY OF CAMBODIA CO 2 COTTON 


V. EAMANATHA AYYAR., L.Ag. 
NAZIR AHMAD, M.Sc., Ph.D., F. Inst. P, 

AND 




N. C. THIRUMALACHARI B.Sc. Ag. 

(Beceived for publication on 22 Febmaxy 3 9S8) 

(With two text-figures) 

iNTROBtrCTION 

TWIORE than five lakhs of acres are being cropped under Cambodia cotton 
hirsuUim) in Madras province. Nearly 60 per cent of this area is 
being irrigated from water lifted from wells with a low water-table. Irriga- 
tion in such places forms an expensive item in the cost of production. Sur- 
prisingly enough, the cotton growers there go on irrigating their crop very 
frequently without considering the requirements of the plants. Such a 
practice, not only reduces their margin of profit, but also precludes them from 
making the best use of the limited supply of water available in the wells. 

It was thought desirable to determine the optimum frequency of irriga- 
tion for a crop of Cambodia cotton and to study whether such frequencies 
would affect the qualities of fibres.^^^^ ^ ^ ^ ^ ^ ^ 


MaTBEIAL ANB METHODS 

For this purpose experiments were conducted during 3.932-35 on the 
cotton breeding station situated in Coimbatore district, which contains the 
highest acreage in the province under Cambodia cotton. Their particulars 
are described, for the sake of easy reference, under the following heads : — 

{a) Nature of the soil— In the trials conducted during the first two years, 
the soils were reddish loam but they were of different depths. In the first 
year, the kankar layer was below five feet, while in the second, it was within 
two feet at some places. The soil used in the third year was distinctly alkaline 
and heavy, with defective drainage. These soils could, however, "be taken 
as fairly representative of the types of soil over which Cambodia cotton is 
being grown in that district. 

(6) Time of sowing , — Generally this exotic cotton is usually sown in 
October-November soon after the onset of the north-east monsoon. It has, 
however, been found in the experiments carried out by the department a few 
years ago, that the yields increased by more than 30 per cent when sown in 
early September and this time of sowing was adopted for the experiments 
reported here. 
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,801EN(j,K 1*^ 

(c) Method of sowing . — ^The cotton growers are in tlie liahif nf qz-vti ; ii 
seec^ broadcast and then forming channels and beds for irri^mtion 
Agricultural department found after certain trials that sowing lhines 2' t t 
mtercultivation and picking operations, and be^n fn 
advocate that method as superior. Since line sowing Uuld mean the 
of the land mto ridges, and since formation of ridges and furrows would afl- 
the quantity of water consumed by the crop, both the methods vi? the^fT'* 
mer s practice of sowing and irrigating in beds and the rletvirf.^rv +’i 
of throwing the land into ridgeslnd furrows thine fS fr^t Z T 
comparison. In the ridged series, however, two separate snmJn'^' f < ■ 
and 9 in. between two consecutive holes were included Thr^*^ o ‘1 m. 
of plants in these sp«,i„gs a,, given in ttme.lt! 

A verage number of plants in IjlQO acre plots 


1932-33 

1 



1933-34 


1934-3.5 


4 in. 

9 in. 

Beck 

4 in. 

9 in. i 

I Beds 1 

4 in. . ; 

9 in. 

Beds 

324 

T± ' ; 

150 

^ 1 1 *1 

20S 

338 

137 

T 

2J9 1 

272 

128 

217 


o — uiAcm 111 tilt; jf 

grower was asked to sow and thin in the 


ries, 


a ueighbouring cotton 
way lie usually did^ so that it 


[a) oiA>e oj plots , — ^The plots were of two . x /• 

water used in each irrigation the area of fho fiuV \ of 

wMe for tho oompariin of viold, 7“,^;''“''' 

skirts. But for the collection of data of vielrk tnr* ? i n h oo out- 

t^tSobtliSZtZfd^d^pToZ™ ^”k'l 

1 cent's fcneS “<1 

tional Wments in tho« yeS, * "»*> *>■' 

snmo mins othep,!bu??t w^^otM ‘5“' ‘I-® 

ewh side of the “intral ®«‘ «* 

effects of lateral seepage from the ^ away the 

made wider in thTLbLoZt to^^T^ P'^"” 

treatments, out of which three ridofiJ «« ridges in such 

were rejected for the detemunatiol“of yielSf 
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cotton is sown in October-November 
with the starting of the north-east monsoon, the young plants o-mw in nr 
over-saturated soil tiU the middle of December, by wMch time the raSJ^ period 

Thence onwards, dry weather prevails tiU the middle 
of April. It IS during this period that the crops suffer from insufficiency of Sil 
inoKture. If the deficiency is not made up by artificial irrigation, tU plants 
shed thew buds and even boUs, with the result that the ffield per acre is 

l^- fjcapas obtained under irrigated conditioS to 
400—500 lb. normally recorded on nmrrigated fields. The irri^ational treat- 

wei^^t TnTn ^ periods of drought. AU the plots 

weie tieateii alike from the time of sowing up to that period. The crops were 

just producing stray flowers at the time of the first irrigation. ^ 

It, of Coimbatore generally irrigate their Cambodia cotton once 

m days It was thought sufficient to compare irrigation frequencies 

one shorter and another longer than this interval. The three variants chosen 
were, watermg (1) once a week, (2) once in two weeks and (3) once in three 

Te reir., T ^ ™ not irrigated after 

the rams. Such plots were designated as ‘dry’. Fortunately no heavy 

rams were received during the experimental period and those that feU were 
treatmeffiT ^ magnitude as to seriously affect the 

It might be mentioned here that the changes in irrigation frequencies 
were preferred to the quantities of water used in each watering, because of the 
tact that a recommendation made with regard to intervals between two con- 

understood and put into normal 
practice by the farmers than one involving differences in the amount of water 

®®Pe°ially whenno easy contrivance to measure water 
was available with them. 

4 . Memunment of wafer.— Inasmuch as irrigations were to be carried 
out by both furrow and bed systems at different intervals, and since the 
amount of water consumed each time would be affected by the intervals be- 
tween two consecutive irrigations, it was deemed necessary to measure the 
quantities _of water used in each irrigation in aff the treatments. This was 
made possible by the installation of a Kents Lea recorder. Ip this arrange- 
ment, the water pumped out from the well was first allowed into a masonrv 
cistern to which was connected, by means of a small tube at the bottom a 
smaller cistern which contained the float of Lea recorder. This float moved 
up and^down with the lev el of water in the dehvery cistern. This movement 
™ .ntomafoally recorded by a needle on a chart wonnd ronnd a dZi S“- 

+k On the chart were marked, in thousands 

of gallons, the quantities of water flowing out of a right-angled V notch fixed 
at one end of the cistern. The water was then conveyed to the fields through 
cement channels with no loss of water by seepage along its course ^ 

treatmenr^®Th?L'^i-w“!f%*^ taken for irrigating each 

tip NBw adopted was to note with the aid of a stop-watch 

ri + w between the time of entry of water into the first furrow or bed 

and that when the water was diverted from the last furrow or bed. The quan- 
tity of water consumed was calculated by multiplying the time taken for 



tlier ends, while in the bed system they were elosed innnecii 
Was ioimd to spread over the entire surface of the bed. It i 
that this system was commonly practised i)y all tfie farmers 
needed no special effort to adopt. 

(g) Layoutof treatment.— The folhmrig 12 treatmeids ma 
nations of four irrigations and three spacing.s were cf)mj)ared. 

Irrigations Spaciiiga 

(a) No irrigation. 4 in 

(i>) Irrigation once a week 9 in. 

(e) Irrigation once in 2 weeks Brondcasi 

(d) Irrigation once in 3 weeks in ),p 

Of these the two treatments— no irrigations W’itfi 4 in. sp 
irrigation in broadcasted beds — were not included by mLstal 
year. The treatments were laid out in raiulomized blocks re 
times during the first two years and three times in the third ye? 

During the course of the e.vperiments Home [jhints died as 
stem weevil {Pempkeres affinis) attack in all the [»Iots. It wa.-- 
prehended that the inequalities in stand thus liroucht ?ibout w 
preeiably disturbed the final yields. The yield dat?i were ther 
to equal stand by means of covariance, but on eornparimr the ? 
of the crude and adjusted yields (wide below) it was feirthat 
would be gamed by the use of adjusted yields. The crude vied? 
were used for the statistical analysis. " ' 


Standard error of vield; 


tests included the determination of the 

ight per inch and percentages of mature, 
and were carried out on samples of three s( 
found by making one Balls Sorter and tw( 
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Sorter tests. The mean fibre-weight per inch was found by weighing bunches 
of whole fibres on a sensitive quartz micro-balance. About 2.000 fibres in 
14 to 20 bunches were weighed for each sample. The detailed technique of 
these tests is described in Bulletin Series A, No. 25, entitled ^ Testing of Indian 
cottons for quality at the Technological Laboratory while the method for 
determining the maturity count of a cotton followed in these tests will be 
found in the Technological Bulletin, Series B, No. 20 entitled " Fibre -maturity 
in relation to fibre and yarn characteristics of Indian cottons.’ 

(i) Spinning technique and yarn tests , — A full account of the spinning 
technique adopted in the laboratory, and details of machinery, settings, speeds, 
etc., are given in the Technological Bulletin, Series A, No. *25. Such specific 
details as the drafts, spindle speeds, front roller speeds, etc. for each sample 
will be found in the tables of spinning test results in the appendix . Each 
of the three counts of each sample was spun on ten l)obbins and the following 
tests were made on each bobbin. 


Description of tests No. of 

tests 

Lea strength and actual counts 5 

Single thread strength and single thread extension 10 

Turns per inch 30 

The methods followed for carrying out these tests are given in the bulletin 
referred to above. Each test result given in the tables of spinning test results 
in the appendix represents the mean of 50 tests in the ease of lea-strength and 
count, and 100 in the case of single thread strength, single thread extension and 
turns per inch. The tables of spinning tests results also contain the average 
values of temperature and relative humidity prevailing in the rooms during 
the spinning and testing of each yarn. 

Evenness of a yarn was estimated by visual examination and expressed 
by means of a numeral in the spinning test tables. The number of neps pre- 
sent in a yarn was also counted at the same time as the yarn was examined for 
evenness. The count was made on 40 portions of each 3*6 inches 

long, ten portions being taken from a bobbin. Neppiness is expressed as the 
average number of neps per yard of yarn. 

Results 

The agronomic data are presented under two heads — ^water consumption 
and yields— while those concerning the fibre characters are furnished under 
three heads ^graders’ reports, fibre test results, and spinning test results. 

(<x) Water consumption . — These are dealt with under two sub-heads (1) 
consumed (Table I), (2) water used at each irrigations 

(iable II). 

It will be seen from the table of analysis of variance given in Table IB 
that the block variances were significantly high in all the three years , and 
that notwithstanding them, those due to treatments were still greater in 
magnitude, signifying that the treatments showed distinctly different, require- 
ments of water. When they were scrutinized further, it w’-as brought out that 
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in the frequencies of irrigations were more responsible for th 
differences than the changes in spacing, and that there was no interaction be 
tween spacing and irrigation frequency. As one should expect, ‘one weet 
irrigation consumed the highest amount of water, while that done once ii 
three weeks was the least,- the differences between the three treatments bein' 
statistically significant in all the three years. When the effects of spacin'i 
.alysed, the behaviour was not consistent. In the first year broad* 

while in the third year both 4 in. and 9 in 
rast to this, no difference was manifested be- 
iselves. It is pointed out that tlie spacingf 
. . . ^ot responsible for the differential behaviour. Since 4 in 

and 9 in. spaemgs were fwlopted m ridge method of planting as distino-uisherl 
from broadcasting done in beds, it was plain that the method of irr'mS S 
a greater influence for the causation of differences. Analysis of actual data 
te r.dge, vs. bed confirmed it. It was f„„„d that in thofiret year the 
method of irrigation coiianmed more water and in the third year the ' rid^ 
,1 more. There was, however, one more point to be considered in 

. were formed by mistake 

iirigations were more quickly done This 
year of their .significance. When the result 

1, it was found that ridge method 

consumption as is often claimed. On 
increase as in 

consumed at each irrigation (Tables II A and IT B) 

itive irriga- 

■igated plot 


were am _ 
casted jilots req iiired more water 
spacings consumed more. In con 
tween 4 in. and 9 in. 
by themselves were r 


method used 

this connection. In the first year (19.32-33) the ridges 
along the slope with the result the 

drawback robbed the data of that 

of the other two years alone were scrutinized, 
of irrigation did not reaUy reduce water 
the other hand, it tended to 
If the data of water 

were e^mined it was ob.served that the intervals hetween cons 
ions affected the quantity of water used each time ; the weekly 
utilized less w-ater at each irrigation than that watered once ii 
weeks. This finding was to that extent in harmony with normal 
On closer scrutiny, it was noticed that the relationship hetw 
hequency and water consumption at each irrigation wa.s not rec 
tf P*"*^*^ irrigated once in two iveeks w 


previously, was more the effect of 
? given than the actual water used 

ant differences in the average water 
'idged plots recorded lower eonsump- 
attached to this finding for reasons 

irrigations revealed further that the 
b the advance of summer (Pig. i ). 
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Before ) 
difFerentrial / 
treatment.) 


AFt^ir diilPerential treatment 



Dates of irrigation 

Fig. 1. Average quantity of water consumed by plots as the season advanced (1934-36) 


(6) Yields . — The data of yields .of the different treatments are given in 
Table III A. The statistical analysis of the results of the first year (Table 
III B) showed that the variance due to treatments was within the limit ol 
significance. They were not therefore considered. On the examination of 
the data of the other two years it was seen that the unirrigated plots yielded 
only 489 and 474 lb. as against 759 and 641 lb. recorded oh the average in the 
respective years by; irrigated plots. These increases of 68 per cent and 35 
per cent were statistically significant showing thereby the distinct advantage 
in yield got by irrigation. 

A point of some interest was the lower increase obtained in 1934-35 which 
had to be ascribed to the alkaline nature of the soil. 

; Amongst the three irrigation frequencies^ plots irr gated once a week re- 

corded the highest yields, those watered once in two w'eeks less and those done 

in three weeks the least. But the differences between them were signifi- 
cant only in 1933-34, and that tod only between the one and two week fi:e- 
quencies. In both years, the yields of plots irrigated once in three weeks were 
practically equal to those of the fortnightly irrigated plots. It was obvious 
from these that the present practice of irrigating once a fortnight could be 
safely put off to once in three weeks. 


i 
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Changes in the method of irrigation were not able to cause marked differ- 
ences in productivity. Variations in spacing, however, were able to cause 
significant differences in one year. In 1033-JH, 4 in. and 9 in. spaced plots were 
practically equal, while in the next year the difference brought about by closer 
spacing was markedly favourable in the ridged ])lots. It could be deduced 
from the above that in alkaline soil, the use of a liigher seed rate would prove 
more profitable. 

(c) Grader's valuation rej)orfs , — The grader’s valuation reports on these 
samples of Cambodia Co 2 grown with difjferent amounts of irrigation in the 
three vseasons, 1932-35 are given in Table IV. 

(d) Fibre test results , — The results for mean fibre-length as found by the 
two methods, mean fibre-weight per inch and maturit v percentages are given 
in Table V. 

(e) Spinning test results . — The 1932-33 and 1933-34 samples were all 
passed through the porcupine, crighton (twice), hopper, scut(‘her (3 times), 
card, drawing (2 heads), slubber, inter, rover ami spun from single hank roving 
on ring frame No. 1. The spinning master’s re]>ort on eat'h sample is given 
in the appendix . Only fibre tests were (carried <>ut on the 1934-35 samples 
as they were not available in sufficiently largc^ fpiantities for spinning tests. 

■ DlSOTJSSlON 

(a) Agricultural conditions and yield . — It was made (*lear in the foregoing 
pages that under the conditions obtairnng at flic Cotton Breeding Station 
Coimbatore, irrigating Cambodia cotton fi*om Dcn'cmber onwanis improved 
the yields, but the rate of increase was not dire<d ly propf.>rti(>na1 to the increase 
in the irrigational frequency. It would be, therefore, nc(?t\ssary to determine 
under such conditions the stage at whi(‘-h iiie irrigati<m wouirl become un- 
remunerative. The extra yields secured in the last two yea!‘s as a result of 
irrigations were converted into monetary values and (^ompa,re<i with <*ost 
incurred in iiTigations, and the results were set out in Tahiti \T. If. was Himi 
there that irrigation done once in three weeks was more rcamnKU’ative than 
irrigating once a week or once in two weeks, in spite of‘ their rcf^ording liigher 
yields. 

It could not, at the same time, be said tliat the three- week irrigat ion 
would always be the most paying, since it was not tested hero whether a still 
lower frequency Would result in a better monetary return. Tins point gained 
some strength from the performances of some treatments tested in 1935-36. 
A few experiments carried out in that year indicated that two irrigatio!is 
timed once in early January and another in early February were as prodiK^tive 
as irrigations given systematically every three weeks. These are to be tested 
farther. Again it could not be said from, the data presented liere whether 
the quantity of water applied at each irrigation was the optimum. The 
consumption per irrigation varied in the present experiments from 1 • 22 acre- 
inches in 1932-33 to 1 *96 acre-inches in 1934-35. This dosage would normally 
be considered as light. It might be that a heavier irrigation would alter the 
frequency, and thereby the ultimate gain to the cultivator as well. 

It would be useful now to consider the observations recorded hare in the 
light of the data obtained in 1935-36 on the movement of soil-moisture. In 
that ye» moisture de1^nnma||ons ,were mad© periodically in the first, second 
and third foot layers of hrriga^^ and uiiimgated plots. The data relating to dry 
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Table IV C 
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Table V B 

Fibre particulars for Cambodia Go 2 for 1933-34 
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2”? Foot 


y ■ ■■ \ 


5r? Foot 


Dates of irrigation marked | 

Fia. 2. Peirceatage of soil-moisttire (irrigatioa experiment 108546) 


(6) Tke resets ff ^^wiow &hm wd epmidiig tests for thwe two 

^ ifii»ajanriO fiijrtia cii’T'iTnwt'<Mi*^r*'^/4 -s-n. •np**'1k¥i^. liTTlT 


dates of irrigation and rainfall. It would be seen there that in the first foot, 
the fluctuations were wide and moisture levels were very much higher than in 
those in the unirrigated plots. They were high soon after each ftrigation and 
least just prior to the irrigation. In the case of the readings of the second foot 
the variations were within natrow limits of the unirrigated plots and those of 
the third foot were practically identical vdtli the second. It was evident 
from these that the irrigations affected mostly the first foot of soil. In other 
words it woiJd appear that the chief purpose served by irrigation in Cambodia 
cotton would seem to be to preserve the moisture contents in the second and 
third foot layers and this function could be efficiently served by the irrigations 
given once in three weeks. 


1“ Foot 
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Irrigation 
No irrigation 
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The following conclusions are drawn from the results. 

(1) Mean fibre-length.— The values of mean fibre-length of the 1932-33 
samples are very nearly constant and do not show any significant variation 
witii either the irrigation treatment or the different spacdngs. In 1933-34 
while no significant differences in mean length are observed for samples grown 
with 9 in. spacing, for samples grown with 4 in. spacing the irrigated samples 
are found to be slightly longer than the unirrigated one, wdiile in the case of the 
broadcast seed samples the mean fibre-length of the two irrigated samples is 
less than that of the unirrigated samples. These differences, however, are 
small and most probably within the sampling errors. It may, therefore, be 
concluded from the results of these tests, that neither the frequency of irriga- 
tion nor the different modes of sowing — each within the limits of this experi- 
ment — ^had any appreciable effect on the mean fibre-length of this cotton. 

(2) Fibre-weight per inch.— The differences between the values of fibre 
weight per inch of the irrigated and the unirrigated samples are small. How- 
ever, in a majority of cases the irrigated samples are .found to have a some- 
what higher hair weight per inch than the unirrigated samples. On the other 
hand, the mode of sowing had produced very little change in the hair weight 
per inch. We may, therefore, conclude that while the hair weight per inch of 
this cotton is independent of the mode of sowing employed in these tests, it 
shows a tendency to increase with the amount of irrigation given to the crop. 
In other w^ords, with a more plentiful supply of water, there is a slightly greater 
deposition of cellulose in the fibre. 

(3) MaHrity count. — ^The results of the maturity test sliow that the irrigat- 
ed samples contain, on the whole, a somewhat higher percentage of mature 
fibres than the unirrigated samples. The mode of sowing, on the other hand, 
has not affected the maturity count of this cotton in any way, as identical 
values are obtained for three unirrigated samples sown in different ways. 
These results are in line with those obtained for hair weight per inch, and show 
that the effect of plentiful supply of water is to increase the percentage of 
mature hairs in this cotton. 

(4) Waste The results for the total loss suffered by the samples 

up to the spinning point are interesting as they show that in 17 out of 18 cases 
the irrigated samples gave lower waste losses as compared with the unirrigated 
samples, in the remaining case the losses for the two types of samples were 
equal, while in no case did the total loss of the irrigated sample exceed that of 
the unirrigated sample. The differences between the waste losses of the two 
types of samples are small in 1932-33, but in the following season they lie 
i>etween 2 per cent and 6 per cent, the lowest loss in each of the three sets of 
samples corresponding to 9 in. spacing, 4 in. spacing and broadcast seed, being 
given by the sample which was irrigated once in three weeks. The mode of 
sowing, on the other hand, had practically no effect on the total loss. We 
may, therefore, conclude that while the total loss sustained by this cotton in 
the blow room and the card room is independent of the mode of sowing, it is 
somewhat less if the cotton is grown under irrigation. 

(5) Spinrving performance. — In 11 out of 18 cases the spinning performance 
of the irrigated sam ples is slightly lower than that of the unirrigated samples, 
in five cases it is equal, while only in two eases it is slightly better. Thus, on 
the whole, the yarns spun from the irrigated samples gave lower strength as 
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compared with those spun from the unirrigated samples. Tiie differences, 
however, in the performance of the two types of .samples are (pn'te small and 
are most probably due to the effect of irrigation on the hait weight per inch of 
this cotton. Other factors being the same, a <;oar.se cotton w<.»u!d give a 
lower performance primarily because of the fewer fibres piusont in a cross-sec- 
tion of the yarn of the same count as spun from a relatively finer ttotton. ft 
should finally be stated that the spinning performance was found to be un- 
affected by the mode of sowing of the samples employed in this experiment. 

(6) iVeps per yard . — The yarns spun from the unirrigated samples were 
somewhat neppy in 1932-33 and neppy in tlie following sc!aHon.s. In both 
seasons, growing the samples under irrigation reduced tfie neppiness of the 
yams, in some eases by more than 50 per cent. 'I'he mode of sowing, on the 
other hand, had practically no effect on the degree of neppine.ss of the yams. 
We may, therefore, conclude that while the yaru-nejjpine.ss of this cotton is 
independent of the mode of sowing adopted in tliis e.xperiment, it is ajjpreciably 
reduced by growing the cotton under irrigation. Idii-s ob.ser\'ation agrees 
very well indeed with the results of an investigation caiTicd out at the Techno- 
logical Laboratory and described in Technological ilnlletin Series B, Ko. 20 
which showed that the degree of neppiness of a cotton wa.s .significantly corre- 
lated to the percentage of mature hairs present in it . In t lie pre.sent case irriga- 
tion increased the proportion of mature hairs and hence inipro\'cd the appear- 
ance of the yarn as regards its neppiness. 

Fibre4eM m9ull/}, /!/:i4--iS 

The results of mean fibre-length, fibre-weight' pur inch and maturity count 
determination for the different systems of irrigation and differenf spacings are 
.summarized in Tables IX to XI. The following concltiHiotirf are drawn from a 
consideration of these results. 

(1) Fibre-length.~On the whole, tlic Hystcni (d‘ irrigation liad very little 
effect on the mean staple length. This agrees with the re.snlts <»!' the- previous 
two seasons. The effect of spacing was a little more marked the 4 in. sjjacing 
giving, on the whole, better results than tlte 9 in. spacing, which in it.s turn 
gave better results than broadcast sowing. 

(2) Fibre-weight . — ^The irrigated samples gave somewhat higher values 
than the unirrigated samples. This agrees with the results of the previous 
seasons, where it was found that the effect of plentiful supply of water by 
irrigation was to deposit more cellulose in the fibre. Tlie differences between 
the various irrigated samples are non-significant. The samples grown with 
4 in. spacing are, on the whole, somewhat finer than those grown either with 
9 in. spacing or from broadcast sowing. 

(3) Fibre-maturity , — The samples which were irrigated once a week had, 
on the whole, a higher percen^e of mature hairs than the others. This 
again agrees with the observation for the earlier seasons which recorded a 
higher percentage of mature hairs for the irrigated samples. As regards 
spacings, however, there is practically no difference between the 9 in. spacing 
and the broadcast sown samples, but the samples grown with 4 in. spacing had, 
on the whole, a lower percentage of mature fibres. 

Summary 

A complex experiment consi^ing of two methods of irrigation, thi‘ee irri- 
gation firequenoies and two spacings, was conducted on Cambodia cotton for 
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Table IX 


FHyre-lengfh {inches) 


Bi^aeiiigs 

Intervals of irrigation 


1 week 

2 weeks 

j ' 3 weeks 

Dry 

4 in. 

0-89 

0*90 

0*93 

0*94' ^ 

9 in. 

0‘9I 

0*90 

0*88 

0*88 

Broadcast 

0*88 

0*90 

0*88 

0*88 


Table X 



Fibre-weight per inch {millionth of an ounce) 


Spaoings 

Intervals of irrigation 

1 week 

2 weeks 

3 weeks 

Dry 

4 in. 

0133 

0*136 

0*133 

0-128 

9 in. 

0*138 

0-136 

0-163 ! 

0*136 

Broadcast 

0-146 

0*147 

0-127 

1 

0-132 


Tabde XI 


Maturity {per cent) 


Intervals of irrigation 


8 pacings 

1 week 

2 weeks 

3 weeks 

Dry 


1 

[ Im- ' 
Mature | mature 

Mature 

Im- 

mature 

Mature 

Im- 

mature 

Mature 

Im- 

mature 

,4 in.' ■ 

1 

48 29 

40 

33 

41 

32 

44 

27 

9 in. 1 

45 i 34 

46 

24 

19 

28 

46 

33 

Broadcast , 

; ■ 'j 

54 . 27 

■''45' 

33 

1 

39 

40 

50 

30 
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tliree seasoiiB at Cotton Breeding vSta.iion, Coimbatore: Hit* lint pnalueed in 
each treatment waa examined for fibre properties and spinning perfiniiiain'e 
at, the Technological Lahoratory, Bombay. The results pointed out that 

: (a) Irrigating Cambodia after December improved the yield <iefmilcly. 

(6) Irrigating once a week tended to give highest yields ; l)iit the increase*, 
obtained was not of such a magnitude as to pay for the extra expense involved 
in giving additional irrigations. 

(c) Irrigating once in three weeks was most profitable. 

(d) The quantity of water coimimed at eacli irrigattm by 'one week * 
plots was distinctly less than in plots inagatetl on<'(^ in tijree weihs. 

(e) On a level field there was little diffenmee in the fcmsumption of water 
between ridge and bed system of irrigatioiL 

(f) Variations in the density of plant po]:)iila1;ion liad no eli'ect on water 
co]isuinption. 

(r/) Neither tlie frequeiuty of inlgation nor tiu* diilermd nnales ol‘ sowing— 
ea(*h within the limits of this experiment — had any apprtM*ial)le effect in 
33 and 1933-34 or\ tlic mean fibre-length of this <*otton. In l<a34“3r> season, 
however, the 4 in. spacing gave, on the wtnde, somewhat higher mean length 
than 9 in. spacing, which, in its turn, gave slightly heiter results than broad- 
cast sowing. 

(h) While the hair-weight per inch cd* this <'ottt)n is practically indepen- 
dent, in 1932-33 and 1933-34 seasons, of the )node of sowitig employed in these 
tests, it shows a teinkmcy to increase with the amount of irrigation given to 
the crop. In other words, with a more plentiful supply oi‘ water, there is a 
greater deposition of cellulose per unit length in the tilnrv In 1934-35 season 
the samples grown, with 4 in. spacing are proved, oii llie whole, to be some- 
what finer than those grown either with 9 in. spaiu’ng or frmn broadeasi seed. 

{i) Irrigated samples contain, on the whole, a higher percentage of mature 
fibres as compared with the unirrigated samples. The inode of sowing, on 
the other hand, did not affect the maturity count of this cotton in any way in 
1932-33 and 1933-34 seasons. In 1934-35, however, the samples growui with 
4 in. spacing contained a lower percentage of mature hairs. 

(i) While the total loss sustained by this cotton in tin*, blow room and the 
(*ard room was independent of the mode of sowing, it was somewhat less wlnm 
the cotton was grown under irrigation. 

(k) While the yarn neppineas of this cotton is independent <fi* the mode of* 
sowing adopted in this experiment, it is appreciably reduced by gnawing i1 
under irrigation. This agrees very well with an earlier (conclusion of tiie laboru - 
tory that the degree of neppiness of a cotton is significantly <*,orrelated to thc^ 
percentage of mature liairs present in it. 

(l) The spinning performanc?e was fotmd to be unaffected by tin? mode of 
sowing^of the samples employed in this experiment. The yarns spun from 
the irrigated saniples, on the whole, gave lower strength as compared with 
those spun from the unirrigated samples. The difference, though small, is 
most probably due to the effect of irrigation on the hair-w'eight of this cotton. 
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(With two iext-figiiids) 
fomOBlTOTIOK 

TN contieetioii with the iiiiprovemeiit of herhaceum eottou hi Ji 
ling it was coitsidered that it would be worth eollecting e; 
stapled types of herbaceunis from Iran. A scheme to undertali 
the Iran cotton was therefore suaeosted to the Indifoi < lenii'nl rir- 


La>T10Jn ABBAS VISITED AN, B (JIf A EACTKBIBTICS 

The whole journey in Iran, of about 4, 000, miles iv as done in a car, except- 
iig a lew impassable places m Siestan and Khorasan wliere it was performed 
on horseback. In all 56 different localities were visited and 1,500 single nlant 
samples of and_165 ^mples of soil were (■olleelt^d. Tlie cotton areas 
visited have been divided into three regions, eastern, v\'<-stcrn and noiibera 

and their description is given below -om uonncxa 

toMllhafdfcwy??^ Zahidan 

nno w ® sloping from an elevation 

of 4,000 ft. in the west to 1,600 ft. above sea le^el in the eatt. The Me aJfas 

tarS 3 S herha^mm. mtton.. The cidtivated parts have 

.oarse sand with small fragments of rocks on the .surfai-e. The colour of the 
od varies from grey to brown. Rainfall in the western par t oflhS rel on 

4rn. only. The range of temneSe 
It Meshhad IS from 15“ F. to 76“ F., the average being 56-3 ® 

ihe northern region consists of a strip of very fertile land, beginning from 
mbzavar and extendmg as far as Nowsliehr in Mazandaraa on the Gasman 

is predominantly 

f tS parTift Davarzan to Seaman has for most 

S ^ SZl r “■'‘l- bordSTou to 

««Mn helvy aandy loam, to cotton grow* tore 
mg aiolMTdy of imaum type. Tie oolonp of to soil v^es ft* ^y 
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to brown excepting in Mazandaran area where it is black c 
Mazandaran has an yearly rainfall of 50 in. to 80 in. The r; 
ature at Tehi'an is from 30 to 111° F. and the average 60‘4. 
Tehran varies from about 9 in. to 10 in. 


drew visil 
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Fig. 1. Map of Iran showing cotton areas visited 
ibe western section comprises the whole of the area from Tehran to Shiraz. 

Districts of Tehran, Qom, Kashan, Isfahan, 
\azd and Shiraz are very fertile and have vast areas under cotton The 

is exI3y lu7 The way from Shiraz to Bushire 

The soil of the cultivated areas from Tehran to Morehikhat is heavv sandy 
loam From Anoushirwan to Yazd the soil is light loam, with the exception 
of Isfahan which has heavy sandy loam. The cotton growing in the western 
region is mo^stly the herbaceum type including the heavy soil arfas like those of 
I. fahan and those between Tehran and Morehikhat. The soil of the unculti- 
vated areas from Anoushirwan to Shiraz is highly saline. The colour of the 
^pil for most of the parts vanes from grey to bpown, it being dark brown ip 
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S’hiraz. ■ The average temperature and rainfall -forlsfolian, Bhiraz and Bushir< 
are given below :— 


Maximum 


Isfahan 

Shiraz 

Biishirti 


iomy 


KCAVy 


OhAH 


Fio. 2. Map of Iran showing soil araaii 
AOEICULTOBAD BlTAIhS OF COTTON OBOWINQ 

exwptm South Iran where it is earher, viz. the first three weeks of F 

bulloek-drai 

is coming into rogue. A seed rate of 30 to 40 lb wr nr^r-p io 

of a broadcast crop, while about ik i.-.. ' / . “i 


Minimum 

! ' Awemge 

. 


—3 ' ; 

' '.21, 1 

15 i 

1 

: ■ ' 58*0 

85-0 

1)1 ‘0 
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Mazandaran area which receives a rainfall of 50-80 inches during the cotton 
season, cotton all over Iran is irrigated. The number of irrigations varies 
from four to six depending on the availability of water. 

The crop starts flowering from the beginning of May and goes on until the 
end of July, roughly about 80 days after sowing. The picking of cotton is 
carried out from July to October, the first picking commencing about 60-65 
days after the beginning of the flowering phase. In order to hasten maturity 
it is a general practice in Iran to strip the plants of its leaves and also to top 
them at any stage between bud and boll formation. The yield of seed cotton 
is said to average between 400 and 600 lb. per acre aithough the cotton 
statistics for 1932-33 records it as over 700 lb. for that year. s 

The Entomological Department at Tehran has indentified the undermen- 
tioned pests and recorded their comparative incidence. 

Pests wMch cause very hmvy damage J 

a. HeliotMs obsoleta (Bollworm) 30 per cent damage in Mazandaran. 

b. Aphis gossypii and Aphis laburni (plant lice) 20 per cent damage 

in Khorasan and Mazandaran. 

e. Oxycaraenus hyalinipennis (cotton hug) i 

d. Dysdercus delauneyi (stainer) causes damage in the province of 

Faras. ’ - 

o, Nezar a vifid^ila hug) causes .damage along the Persian !' 

Gulf. 

f. Cicadetra Ochreata cmses damage in North Iran. 

g. Acyrothosyphon gossypii causes damage in North Iran. 

P ests which cause moderately heavy damage : — 

h. Orylhis desertus (cricket)— North Iran. 

i. Qryllotalpa gryllotalpa (mole cricket) —North Iran. 

Mazandaran. 

k, Epicanta erythrocephala (Beetle) — ^Tehran. 

h Heliothis peltigera (Bollworm)— North Iran. 

m. Plusia gamma (leaf eater)— Tehran and Shahrud. 

n. Botinoderes — Tehran. 

o. Monastria Tehran. 

p. Oedalaeus decorus — -North Iran. 

q. Anacridium aegyptium — South Iran. 

r. Elateridae (wive wotjub) — two species — ^Varamin. 

It would be seen that most of the above pests and diseases are common 

in North Iran which is predominantly the American cotton area. The Ameri- 
can cottons suffered heavily from pests and diseases, while the indigenous ones 
were comparatively free. 

Cotton INDUSTRY IN Iran 

Cotton cultivation in Iran has recently been organized, having become a 
State monopoly. The company controlling the cotton cultivation is known 
as * Shirkat-i-Sahami Pamba ’ consisting of shareholders from amongst the 
is financed by the Agricultural Bank of Iran which is a branch 
o the National Bank of Iran established in 1930 and has an authorized capital 
of 50,000,000 rials or £625,000 approximately. Both the Company and 
the Bank have branches all over the country. The Company sells seeds to 




cotton-growing province in Iran) produced 60, 0(H) Ixilew of 260 Ib. eac h c 
cotton (47,000 bales of the indigenous cotton, 1 0,000 hales of ‘ Pure AmVi ir-i 
cotton ^and 3,000 of ‘ Felistani ’). The market rates given Imlow were f lui^ 
ofiered by Russian buyers. They bought delivered on the frontier near Ashki 
pood nett(Rs. 6/9 for 36 Ib.) for local cotton, at (W- rial 

n nnnH 72/-^ (Rs. 11/4) for Pelistani cotton 

(1 pood=36 lb. approximately, 1 naZ= 1/6 -4 rupee). T’lie packing ch-irw 
were about 10/- riak (Re. 1/9) a bale. ^ 

Indigenous COTTONS 

n T cottons of Iran known locally a,s IfaAali, Rasmi or Burnt 

belong to Q. herbaceum var. typicwm [Hutchinson and (those, 19371 The 
various forms as found during the survey can he grouiwl as follows ' 

(a) Plants 1 ft.-5 ft and vigorous, leaves groen to deep green, bolls 

big and rranded with small beak, bolls opening slightly when 

S fi ^ Haniiah, 19381, lint white, 

soft hne and long, predominantly late. Only earlier plant.* 
/z.\ T for picking at the time of the visit, 

(b) Intermediate between (a) and (c) 

pale green, bolls small and 

not SO rounded as in (a), With prominent tm md openUm wUlolv 
when ripe [c f Grade ^ 2 ^ Lint 

white, dull white, khah or deep khaki, coarse, uml .ihort. Pre- 

of thf lelf ° variation was found in tlie colour 

Distribution of the above three types 

^ Type 

Intermediate ■ type (&) .preci oiiii’iian fc, ■■■ ■ ■' ■ ■ 
Airtbe-: three .types almo.^t fxinall? dis- 
trihiitecl."" , , ; ■ ;■■■: 

Open ■ hollecl ; 'type '(c)' prerlomlnaiiit...:'''' 

Intermediate type {b) predominant. The 
pottoii of these parts was soft to feel and 
it was just p»ible that it might have 
come from Gonahiid via Tab'bas and 
; F^ht^Badam, There was a good deal 
' :.'9f tralljc op that lipe jlj 


Eastern region 

Northern & western 
region 

Wiwtern region 
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The variation in all plant characters, particularly in hairiness, number, 
size, shape and opening of the boll, lint characters and ginning percentage 
was very great in areas ranging from Shosf to Tuss in the east, Ghademgala 
and Siidkhar to Dameghan in the North and Qom to Bagh-i-Shah in the noi th- 
west. 

At Dameghan there were types which had all the characters of var . typimm 
but the bolls were | in. in size. Their lint characters varied a good deal from 
long and soft at Dameghan to either short and soft or short and coarse at 
Mashhad, Tuss and the remaining of the above places. 

Another interesting feature was the occurrence of types intermediate 
between vars. typicum and frutescens. [Hutchinson and Ghose, 1937]* 
They were found in considerable numbers in Meshhad and Tuss, but stray 
plants could be found all over from Zabol (Siestan) in the east to Bagh-Shah 
in the north-west. 

Forms belonging to G. herhaceum ybx. typioum dund with red pigment all 
over the plant body (stem, leaves, flowers, bolls) were also observed. There 
was considerable variation in the distribution of pigment over the leaves. 
Some times only the leaf lobes or a part of the leaf would be found red and 
the rest green. They are locally known as or black winged, on 

account of the deep purple colour which their bracteoles acquire when the 
boll is mature. Their lint is white and of average quality. They were found 
in varying proportions from Meshhad to Isfahan as shown below 

Meshhad to Tehran . . . . . Stray plants 

Giishk Nasrat jto Kashan . . . . 2 to 10 per cent 

Abbasabad to Isfahan • , , , 1 to 10 per cent 

Forms belonging to G. herbacemn var. typicum and having khahi lint were 
found. They also are known as Mahali cottons. The only other name given 
to them is wrMcAa,i.e.( resembling red). They formed 10 to 20 p>er cent of 
the component of cotton crop in Birjand area and 2 to 5 per cent in Kashan 
and Morchikhat areas. Khaki cottons are late to mature as compared to 
white linted ones. Their lint which is either short and coarse or of average 
quality is used for making coarse hand-spun cloths ox khaki curtains. The 
latter are very popular amongst Iranees. It is said that formerly the khaki 
cottons were cultivated on a larger scale. The demand being now for long- 
stapled cottons, the cultivation of khaki cotton is decreasing every year. 


Examination of the matekial 

Single plant selections . — 859 plants (778 white and 81 khaki) were selected 
from different localities in Iran, based on earliness, boll size and length and 
softness of the lint. These were examined for staple length, swollen-hair 
diameter and ginning percentage. The procedure adopted was as follows : — 
Halo length of all 859 plants was measured by Bailey’s protractor. 

(maximum halo length on five seeds per plant). 

Plants which had halo lengths of 28 mm, and above were examined for 
swollen-hair diameter {fineness). Such plants numbered 499 
(493 white and 6 MaH). 
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Out of the plants examined for fineness, the following were selected and 
ed ; — 

(а) Those which had 0‘023 mm. and below swollen-hair diameter. 

(б) Those which had 33 mm. and above lint lengtli irrespective of their 

swollen-hair diameter. Such plants numbered 240 (234 white 


Table i 


Swollen hair diamefcer {in 
unite of 0-003» inni.) 


fliiining |K:m*ntage 

X of of gin-, 
ante I iiing ! Mean 

mint'd i per* i 

i cent- j 

I MQ' i 


No. of 
plants 
examined 


No. of 
plants 
examined 


iKaiiKO i 

ll>. ex- I 
|a mined i 


Eastern . White 515 
Khaki 55 


Wiiih* 222 Hhfdi 
Khaki « 34-311 


Northern. White 151 


Western 


White 112 
Kiiaki 26 


will be seen from the table that eastfiri rrtiUm lias 


fineness of the lint is; concerned. In halo-Iengtii thoiwh t ht* variai imi is not i 
The mean value is the; highest. The westmi region comes lu'xt in the aggrt 
cottons from all regioiis were much inferior to the whiles. 

In addition to single plant selections, there we, 
of which were obtained through His Britannic Muji 
and Meshhad and the remaining 20 tiirough tiie yS 
from Isfahan area. They were examincci for lint len 
centage. Data for samples received through His Br 
are summarized below : — 


Locality 


Boli 

characters 


Halo- length 
■■ mm. 


percentage 


(t. herhaoeums 


1. Maivasti 


j Partly open 


2. Maibad 


4. Ardekan (mostly R 
plants) 

5. Balk locality 

6. Unknown Khaki . 

7* Bjrjand (soft 
cotton) 

■' , ,1 

S* Birjand (coarse | 

cotton) : 

9. , . ! 


Coarsr 


Open j 

Open j 

Closed and 
partly open j 

bolls j 

Open j 

Partly open | 


Coarse 


Coarse 


Coarse 


Moderately 

soft 



Egyptian cotton (G. barbadense) is extensively cultivated along the coast 
of Persian Gulf. In the rest of Iran efforts are being made to replace indi- 
genous cottons by types of American cottons„and at the time of visit American 
cottons formed an important component of cotton crop all over Iran. Western 
Iran was said to be practically aU under types of American cottons, while on 
the route travelled Neishapur and Sabzawar in the north-east, Mazandaran, 
Tehran and Qom in north and Shiraz in the south were important centres of 
American cotton cultivation (Fig. 1.) Besides the cotton known in Iran as 
pure American, Felistani, Prerout, Iraqi and Novortski were cultivated. Felis- 
tani, is however, the most prized cotton in Iran. Though |ate, it is long stapled 
and soft. It is said to have been introduced about twelve years ago by a cer- 
tain Mr. Hakeemi who brought seed from Russia and grew it in Pelistan (North 
Iran). According to Dr. Burns [1938] it is a cross between Egyptian and 
American cottons made by Mr. Hakeemi. Since it did very well there, the 
Agricultural Department encouraged its cultivation all over Iran. 

Types of American cotton r 

Felistani cotton, as grown on the experimental farm at Karaj (Tehran) I 
differed from a typical Mrsutum in the following characters I 

Leaf deeply constricted at the base, leaf lobes narrowly triangular, brae- 1 
teoles not closely investing the bud, flower or boll, corolla moderately expand- ! 
ing, bolls tapering and pointed. i 

In fields, however, there was a great variation in morphological charae- 
ters, and in Felistan plants were found in considerable numbers which confor- f 
med m every detail to G, Mrsutum, Felistani can be classified into two classes 
according to size of seed, and three according to colour as shown below : — 

1. Small-seeded . . . , a. black seed, no fuzz, tuffc at the pointed 

end, lint short. 

_ ■ fb. brown seed, fuzzy, lint lone. 

2. Bjg-seeded . . . 

fc. green seed, fuzzy lint long. 

Prerout is extensively cultivated in Mazandaran area. Plants are sym- 
podial taU and vigorous up to 8 ft. in height. Morphological characters 
resemble those of G. Mrsutum. The Agricultural Officer, Shahi (Mazandaran), 
said It was a cross between two varieties of G. Mrsutum. Prerout is an early 
and high yielding type with moderate lint chararters. 

Iraqi and Novortski are being tried at all the experimental stations in 
Iran. Iraq% is medium in time of maturity, sympodial in habit 1 ft. to 6 ft. 
iigh, and thick stemmed. It is a typical G. Mrsutum, and in lint characters 
IS almost as good as Felistani. Novortski is morphologically similar to Iraai 
but IS short stapled and soft.^ ^ x- t, j 4 . 
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The samples obtained through the Agricultural Department, Isfahan, 
were all short and coarse and were therefore rejected. 

The selected material of herbaceum cottons has been distributed between 
Viramgam, Coimbatore and Trinidad. 

A comparison of the Iran herbaceums with the standard Indian herbaceums 
with regard to season, soil, yield quality etc. can be had from the tabular state- 
ment (Appendix II). 

Exotic cottons 
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The Mrsutums on the ■whole showed much less variation in morphol 
characters than the herbaceums, which may he accounted for by tin* i'ac‘ 
they have been introduced in the course of the last 12 years. 

Examination of the material 

Single plant selections.— In making field collections it was not possii 
identify the variety with any certainty and in the examinat ion of tlie mat 
therefore, no account was taken of the name under which tiie cotton was i 
grown. 302 of the plants collected on the baKi.s oi' ea.rlin{.',s.s, boll .-.izi', h 
and feel of lint, were examind for lint length, fineness and ginning p’eri 
age in the same way as described for (?. Aerhacewm. 

Table II 

Swollen hair diameter „ 

(In units of 0*0033 niiB.) lfi:'rc<‘.o.ta.gc! 


Halo length in mm. 


Mo. of Range 
plants of halo- Mean cy 
examined length 


No. of Range ; 
plants of halo- j Mean 
lexainiiu’d lengtii i 


Eastern 


Northern 


Western 


bo seen froin the table that taking Into euiMthtratiun ?dl Up* fh!v*< flnr’U'h-r 
be^’ ^ ^ percentage, the western regum lm> glvrn tiie hot maP-rial and i he .-a.fe A f i*! 

Bulk samples.— These samples where oht.aine<] fnjiti {fis Britanni, 
Majesty’s ^nsul at Meshhad and their characters are .summarized below ■ - 

Boll size Lint mm. |•....| (Ji.iiiiin! 

Meshhad (G. hirsnium) , Moderate 25-30 Suft 

Meshhad (Fehstani) . . Large 23 dU Si jl '.; t 

The selected material of Mrsutums has been dlstrihuted between Ouimba. 
tore, Lyallpur and Trinidad. 

The lint of both the herbaceums and hirsuWm eullected in Iran were seal 
for fibre test to the Technological Laboratory, Matunga. The fibre j)arti< 5 uiari 
received from there are given below : — 

1. Mean fibre Icngtli (inch) 

(a.) By .Bails Hortetr 

^ (ft) By Baer sorter . . , ‘ ‘ 

2. Mean lihre wt. jKir inch 

minioath of an ounce) 

Ihe Mrsutums according to the report are 18 iier cent lon'm'r but 1.3 
per cent coarser than the herbaceums. The former is rather coTirsa ff,r its 

wS the tuso 

With mdian herbmmms and has a slightly silky feel. 

Summary 

^ r , indigenous cottons, i.e. the herbmemm, exhibitod groat variabi- 

i / percentage, Hnt length and fineness. Tlas introduced cottons, 

.e. the hirsutum were variable in the first two charac.U^rs only. Variation 

of the4er4««»» w.. .-o.u.Wcr.blj.' 


(*. himilHm 
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was inferior* Zabol (Siestan area) in the east was also reputed to produce 
good quality and highly variable material but, due to failure of the crop in 
1936 season, enough samples could not be collected to give any detailed infot- 
mation about it. 

(3) According to the report received from the Technological Laboratory , 
Matunga, on the material brought from Iran, the hirsutums -w&te 18 per cent 
longer but 13 per cent coarser than the herbaceums. The former was rather 
coarser for its length and had a rough feel, while the latter was finer than was 
usually the case with Indian herbaceums and had a slightly silky feel. 

(4) The hirsutums in Iran suffered heavily from pests and diseases, while 
the herbaceums were found to be comparatively free. 

(5) The herbaceums that were come across were all highly sympodial as 
would be expected in a country with early frosts and severe winters. To hasten 
maturity, it is a general practice in Iran to pluck the leaves and top the ifiants 
at all stages from the bud to the boU-forming period. 

(6) The cotton samples collected have since been grown at Viramgam 
(Gujrat) and Coimbatore. A part of the material is also being tried by Mr. 
J. B. Hutchinson ^at Trinidad. 

(7) The analysis of the soil samples showed that excepting the region bet- 
ween Qom and Isfahan, which had heavy soils and was predominantly a 
herbaceum area, the light soils had predominance of the herbacetm type and the 
heavy soils that of the hirsutums, Zabol (Siestan) had light sandy loam and 
though at the time of visit was predominantly under hisrutums it was essentially 
a herbaceum Bireeb and has been well known for the good qualities of the latter. 

(8) The total area under cottons in Iran in 1932-33 was about 1 • 5 million 
acres and the produce about 2*9 million bales of 400 lb. each, thus giving an 
yield of about 700 lb. of hapas per acre. 
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Appendix I 

Details of area under cultivation and, yield of cotton in Iran 


Name 


Acres 


Yield of hipas in 
ile,s of 4U0 Ih. ench 


Tehran 

Aza,rbyjan (east) 

Azarbyjan (west) 

Khorasan 

Kerman 

Siestan 

Faras 

Khonzistan 

Khamseh 

Qaz\'in 

Hamadan 

Kirmansbah 

Kurdistan 

Lonristan 

Iraq 

Golpayegan 

Malay er 

Isfahan 

Yezd 

Kashan 

Qom 

Semnan 

Shahroufl 

Dasldd-Gorgan 

(.(organ 

Mazandarau 

Gidlan 

Ports of Persian Gulf 


25293 

15931 

2487 

26962 

5063 


451541 

32478 

5779 

51668 

4795 

1632 


494 
11599 
6879 
■ 6661 
1265 
8497 
210 


490 
I85I2 
211705 
14578 
2922 
il 101 


10105 

44730 


■ I I 288374 

Tho statistics for 




MEGASPOEOGENESIS AND THE ORIGIN OP 

m 8AGGHABUM* 


TRIPLOIDS 
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(Received for publication on 31 Juno 

(With Plates VII-XVI) 

I. Iotbodttction 

TRIPLOIDY was first discovered in Oenothera |Xiat(;s, l!t()8| a 
then has been reported in many genera of plants fDarlitadoi 
Triploids include two groups, the auto-triploids tliat ha ve three 
genoms, the ctoomosome complement of which can be representesi ( 

and the allotriploids that have 
are not identical and which could be renresented 


constitution AAA, BBB and so on, 
chromosomes that i ' ” ' 

of the constitution AAB or ABC. 

Triploids in general may originate in three different ways : (1) tlirou'd 
an abnormality in somatic mitosis in the haploid gmieration such as splittin- 
of chromosomes or reunion of daughter nuclei, (2) through failiav of reduc 
tion at meiosis and consequent fusion of unreduced ['In) and reduced fw 
gam^es and (3) by hybridization between diploids and tetratiloids 

One of the features associated with the cytology of reproduction ii 
Saccharum is the phenomenon of doubling in the eh roiiiosomes of the pistillati 

[HW3j in natura 
{.’heribon (a “4u) and S. spontaia ua 
observed in crosses bef.woen S. ojji- 
of S. spontaiir.am [Dutt and Rao 
several intergi.merie crosses elfectfsj 

iU of the chroinosomes in S. ojfu’inaruni 

rspecific hybridization in Saccharum 

! egg cell during fertilization. Triploids 
among selfed progenies and intraspwa’fic 

1, 1936]. This fact and tlie pre.s<uice 

grains occasionally seen in S. officinarum lead 
y may not be quite as simple a.s Bremer 
re, taken up to discover 
g associated with the cvtologv of 


parent of interspecific crosses first reported by 1 
hybrids between S, officinarum var. Black 
Grlagah (n=56). The same feature was 
cinamm var. vellai, and other varieties 
1933 ; Janaki Animal, 1938, 2], and in 
at Coimbatore. 

Bremer considers this doubHiig u. 
parent, a phenomenon characteristic of inter 
the doubling having occurred in the 
liave, however, been found to occur 
hybrids of S. s^pontaneum [Janaki Ammal 
of abnormal binucleate pollen gi'ains oc 
one to think that the method of douliling 
imagined. The present investigation was, therefoi* 
the exact method of chromosome doublin 
reproduction in Sacckarvm. 

II. Material aisto 
The two species of Saccharum selected 
(1) 8^, sponfaneum from Dehra .‘Dun ( 

_ (2) 8, oficina rum var. velku of Coimt 

*A thesis approved for the nf 
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Of these, /S. spordaneum was a variety raised from seeds sent by Mr Holes 

from Dehra Dun in the year 1912 and since propagated by cuttings or ‘ setts ’ 

at the Imperial Sugarcane Breeding Station, Coimbatore. S, officifuiTUTn 

var. vdlai is a thick cane grown in Coimbatore district. This cane is male- i 

sterile and has been used extensively at the Coimbatore Sugarcane Breeding i 

Station for hybridization with 8. spmtanmm, Sorghum and other genera of 

grasses and it has been the pistillate parent of the first cross made between I 

8. offieinarum md 8. spontaneum. ( 

Fixations were done during the months of August-October in the year ^ 

( 1937. Root-tips were fixed at 11 a.m. in Navashin’s fixative [McClung, i 

1937] and in Medium Flemming ; and the young spikelets fixed between i 

8 and 11 a.m. in Navashin’s and Bouin’s fluid (as modified by Allen) after '* 

prefixation in Carnoy’s for a minute. Fixations were made at all stages i 

ranging from divisions in poUen-mother-ceUs to fuUy formed pollen grains ! 

Preliminary examination of anthers in acetocarmine [Belling, 1926] was I 

resorted to for selecting right stages. For the study of embryo formation ? 

m 8. officinarum, flowers of vellai were artificially pollinated by the Coimbatore 
form of 8. spontaneum (2w=64) under bag. Spikelets of flowers thus polli- ; 

nated were fixed in acetic alcohol at intervals of two hours during the first i 

day and at intervals ranging from three to four hours, for a week after poUi- ' ^ 

; nation. The materials were left in the fixing fluid for 24 hours. Root-tips S 

, and flower buds were then washed in several changes of tepid water for three i 

to four hours and mature ovules (fixed in acetic alcohol) in 70 per cent alcohol 
CaUus haus and glumes were clipped off the spikelets so as to facilitate sec- i 

tionmg. Dehydration and embedding were done according to La Cour’s I 

[1937] schedule. > 

Sections of root-tips were cut lOg, flower buds 13fi to ISg and mature 
ovules 25g to 30g thick. Sections of root-tips fixed in Medium Flemming 
were bleached in a mixture of three parts 70 per cent alcohol and one part 
20 volumes hydrogen peroxide. Sections were stained in Haidenhain’s 
uon-alum-haematoxylin with picric acid as destainer and also in Newton’s i 

Gentian Violet-iodine. i 

AU drawings were made with a Spencer Abbe Camera Lucida at stage 
level. An apochromatic objective 100 (N. A. 1. 3) was used with different 
eye-pieces to give approximate magnifications indicated below the figures. 

III. Somatic oHEOMosoMBs 

Fifty-six chromosomes could be counted at the somatic metaphase of 
8 spontaneum Dehra Dun (PlateVII, fig. 1), thus confirming the count made by 
Janafc Ammal [1936] for this variety of S, spontaneum. In root-tip sections of 
8 . o^amintm var. wZtoi, the chromosome counts showed the somatic number 
to be 80, characteristic of 8. officinarum [Bremer, 1923] (Plate VII, fig. 2). The 
two species studied showed gradations of size in the chromosome comple- 
; ment. Measurements taken from good metaphase plates showed that the 

average length of the longest chromosomes m 8. spontaneum was about 2-8u 
j; while that in 8. officiimrum 3- fig. The long chromosomes of 8. spontaneum 

corresponded m length to that of the medium ones in 8. officinarum. The 
chropiosomes in fhe two species sho-wed ?in average length pf l-6u and 
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were almost identical. The chromosomes of S. spmtaneum fall approximately 
into three different types, long, medium and short, according to their length, 
and could he represented as 8L+32M+16S, while in 8. officimrum, four 
types could be distinguished. These can approximately be (rlas.sifled into 
10L+20M+30m+20S. 

Both primary and secondary constrictions were found in the long chro- 
mosomes. Trabants have not been observed in the chromosomes of the two 
species of Saccharum investigated. 

IV. Observations on divisions in megaspork-mothbe-cells of 

8. SPONTANEUM AND 8 . OFFiaiNAliUM 

The archesporial cell in 8. spmtaneum is differentiated early from a group 
of cells at the apex of the floral axis. It is found to be sub-epidermal in 
origin and covers nearly a third of the nucellar tissue (Plate VII, fig. .3). It 
is characterized by having larger nucleus and richer cytopIa.sm in the resting 
condition, than those in the surrounding cells. This c;ell functions as the 
megaspore-mother-cell without any further divisions as observed in other 
grasses like Triticum [Percival, 1921], Poa [Anderson, 1927], Ori/za [Teradu, 
1928], Zea [Randolph, 1936] and Euchbiena [Cooper, 1937]. The nucellar 
epidermis immediately above the archesporial cell becomes two-cell thick. 

As prophase advances in the nuclei of megaspore-raother-oells, the 
leptotene th^ads were foimd to contract, their uneven granular .structure 
becoming increasingly evident. Polarization of the threads wore •bservedin 
fixed materials examined at this stage, their free ends being directed to one 
side of the nucleus towards the micropylar end (Plate VII, fig. 4). The associa- 
tion of chromosomes seen at prophase stage was found to be parasynaptic 
as also observed in pollen-mother-cells of the plant [Janaki Ammal, 1936], 
a feature that has now been recognized as unveraal in meiosis [Darlington, 
1931]. It is surprising that Santos [1937] finds the telosynaptic type of 
chromosome association and the presence of a continuous spireme in the 
pollen-mother-cells of the Philippine variety of 8. spmtane.um he examined ! 
Terminahzation of chiasmata was minimum in the long chromosomes and 
the chiasma behaviour in megaspore-mother-cells was found to approximate 
very closely that in pollen-mother-cells of the plant [Janaki Ammal, 1936]. 

Twenty-eight bivalents could be counted at late diplotene and diakinesw 
(Plate VII, figs. 5 and 6) each pair being held together by chiasmata. The 
three types of lengths noticed in somatic chromosomes could be fairly dis- 
tinguished at meiosis. 

In megaspore-mother-cells of 8. offioinanm, 40 bivalents could be counted 
atdiakineses (PlateVII, fig. 7) though occasionally thirty-nine bivalents with 
one or two umvaJente were also seen. The bivalents were found paired by 
chiasmata which varied from one to two in cells examined at diplotene and 
diakinetic stages. Both terminal and interstitial chiasmata were observed 
in megaspore-mother-cells. These observations were found to be similar to 
those on poUen-mother-oeUs of the same species (Plate VII, fig, 8). A normal 
bipoW spindle (Plate VII, fig. 9) was observed in both the species. Secondary 
a^ciation of the chromosomes was well marked at the metaphase stage of 
diyi^on. During anaphase stage in megasjKae-mother-oells of 8, officinartmf 
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the forty chromosomes were seen separating to the poles and a tendency for 
one or two univalents to lag was perceptible in certain cells (P ate VII, fig. 10). 

The anaphase and telophase stages were normal in both the species of 
Sacchamm, and two dyad cells each with the reduced number of chromosomes 
were formed (Plate VII, figs. H and 12). Wall formation was, however, found 
to be somewhat delayed at the first division in S. officinarum. 

The second division spindles formed in the two dyad cells in both the 
species were found to be in the same plane as the first division spindles. 
The 28 chromosomes were counted at second metaphase in S. spontaneum 
(Plate VIII, fig. 13) and a linear quartet of megaspores was observed at the end 
of second telophase (Plate VIII, fig. 14). As in other members of the Graminae 
the innermost of the tetrad was found to be functional, the rest degenerat- 
ing (Plate VIII, fig. 16). Anderson [1927] finds that the topmost one may 
develop in poa. Occasionally, however, I find the outer of the two iimer 
megaspores (sub-ohalazal) to develop in SaccMrum (Plate VIII, fig. 16). 

When a large number of spikelets of both the species were examined 
at this stage, it was found that occasionally two inner or chalazal megaspore 
nuclei were enclosed in a common cell. Such binucleate megaspores (Plate 
VIII, fig. 17) are formed presumably through failure of cell wall formation at 
the close of the second telophase. They could be distinguished from two- 
nucleate embryo-sacs by their smaller size, and the presence of the degene- 
rated megaspores at the top. The binucleate condition of the megaspore is 
ako supported by the presence of fusion nuclei (Plate VIII, fig. 18) in prepara- 
tions of later stages. Such ‘ fusion nuclei ’ each with two nucleoli of equal 

sizes enclosed in a common nuclear membrane (Plate VIII, figs. 19, 20 and 21) 

were foimd in both the species of Sacchamm examined. The phenomenon 
of reunion of two megaspore nuclei at the chalazal end, was found to be more 
common in the variety Vellai of 8 . officinarum, than in S. spontaneum. 

Irregularities in megaspore-mother-cells responsible for a number of 
deviations from the normal were also observed during the course of second 
division in both the species. Plate IX, fig. 22 shows a stage where the chro- 
mosomes of the upper dyad were found to be at metaphase, while those in 
the lower one had reached the poles. The bipolar spindle formed at second 
metaphase in the micropylar dyad was found to be almost at right angles to 
the longitudinal axis of the cell as in Zea [Cooper, 1937]. This could give 
rise to a T-shaped spore-tetrad m 8 . spontaneum as in Triticum [Watkins, 
1925]. The upper of the two dyad cells was found to degenerate before 
second division (Plate IX, fig. 23) or to divide and give rise to two megaspores, 
both however degeneratmg later (Plate IX, fig. 24), or it started division, 
but degeneration set in before the completion of the process (Plate X, fig. 
25). In such eases the inner dyad proceeded with the devlopment of embryo- 
sac with the haploid number of chromosomes (Scilla type [Schnarf, 1936] 
and Allium type [Maheshwari, 1937]). At the time when two megaspores 
have been formed by the division of the chalazal dyad, the nucleus of the 
upper one was either in a resting condition (Plate IX, fig. 26) or at the meta- 
phase stage (Plate IX, fig. 27). In both the species of Sacchamm, the cells 
on either side immediately surrounding the products of meiotic divisions 
-were somewhat elongated suggesting a tracheidal function, 
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V. Development of embeto-sao 

Observations on meiosis in megaspore-mother-cells have shown that the 
embroyo-sae development in both the species of Sacchamm may originate in 
one of three ways : — 

1. From one of the tetrad megaspores (normal type). 

2. From fusion of two of the spore-tetrad. 

3. From a single dyad cell (Scilla type [Schnarf, 1936] and Allium 

type [Maheshwari, 1937]). 

Of these the more common form was the development from haploid megaspores 
and dyad cells. The stages of development of haploid and diploid megaspores 
followed the normal course. 

The first sign of embryo-sac formation from a megaspore was the enlarge- 
ment of the megaspore often accompanied by vacuolization of the cytoplasm, 
the nucleus being pushed to the upper end (Plate IX, fig. 28). The 28 chro- 
mosomes could be counted at metaphase (Plate IX, fig. 29) in a large number 
of sections examined and the 2»i number 56 in those arising from diploid 
megaspores (Plate IX, figs. 30 and 31). Secondary association was marked 
at this stage also. 

The micropylar and chalazal poles of a developing embryo-sac vi^ere 
established by vacuolization at the centre. Considerable growth of the cell 
was noticed after this stage and could be easily differentiated from the bi- 
nuoleate megaspores. The eight-nucleate stage in the embryo-sac was derived 
by three normal mitotic divisions as in Plates IX and X, figs. 32-.35, the 
egg-ceU with its two synergids and a polar nucleus being differentiated at the 
micropylar end and the three ant’podals at the chalazal end. The two polar 
nuclei were found to occupy a position just below the egg cell. 

Development peom haploid megaspoee 

The development from the haploid dyad cell as in Scilla nonscripta 
[Hoare, 1933] was found to be similar to that from the megaspore. The 
degeneration after the first division and before the second division of the 
micropylar dyad cell was observed and was found to persist as a darkly 
stained mass over the embryo-sac. In this type of development (Plate X, 
figs. 36, 37 and 38) the second division of meiosis represents the first mitotic 
division of embryo-sac formation, and the two processes merge into one another 
indistinguishably [Chiarugi, 1926 ; Schnarf, 1936 and Maheshwari, 1937]. 
The same type of development with a reduction in the antipodal cells at the 
chalazal end of embryo-sacs has been observed in Alismaceae [Dahlgren, 
1928 ; Johri, 1935, 2, 3, 1936] and in species of Allium [Messeri, 1931 ; Jones 
and Emsweller, 1936]. 

In the fully-developed female gametophyte, the synergids showed longi- 
tudinal striations in the narrower end (Plate X, fig. 39). The synergids 
possessed also a hook or a beak. An antipodal tissue was derived by further 
divisions of the primary antipodal cells, as observed in several members of 
the Graminae like Triticum [Watkins, 1925 ; Wakakuwa, 1934-35], poa 
[Anderson, 1937], Avena [Kihara and Nishiyama, 1932], Oryza [Morinaga and 
Fukushima, 1934 and 1935], barley [Pope, 1937], Zea [Randolph, 1936 ; 
Cooper, 1937] and Spartina [Curtis, 1937]. In 8 . sponianeum this antipodal 
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PLATE IX 



2- : Non-identical stages of second division in m.rn.c. of S. spontaneum (X 1600) ; 23 : An outer 

showing the first mitotic metaphase of embryo-sac formation 
( X 1600) 24 : A triad row of o megaspores showing the functional inner one ( X 750) ; 26 : Non-identical 

stages ot second division of meiosis : the upper one shows signs of degeneration ( X 1500) ■ 26 • Triads 

with two inner megaspores and an upper dyad {X1500) ; 27 : Late division of the upper dyad while the 
inner one h^ completed division (xl500) ; 28 : Embryo-sac cell of S. spontaneum with the resting 

somatic metaphase of a haploid embryo-sac-cell of S. spontaneum showing 
the 2b chromosomes ( X 1500) ; 30 and 31 : Late prophase and raetaphase stages of first mitotic division 
of a diploid rnegaspore showing 56 chromosomes ( X 1000) ; 32 and 33 : 2-nucleate embiyo-sacs ( X 750) ; 
34 : 4-micleate embryo-sac. (X75(}). ■ 
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tissue was composed of 15 to 20 cells (Plate X, fig. 40). Such an aggressive 
type of tissue seems to be a primitive feature since reduction in gametoi)hytic 
tissue is characteristic of the advanced members of angiospermous families. 

The development of the female gametophyte in S. officinanim from. 
megaspores and dyad cells was similar to that in 8. spontaneum. The forma- 
tion of a filiform apparatus associated with the synergids was not, however, 
characteristic of this species and the three antipodal cells were crescent- 
shaped in appearance. Bach antipodal cell had a single nucleus, nnbhf- that in 
Zea [Cooper, 1937], where two or more nuclei were observed, or in triploid 
Oryza [Morinaga and Fukushima, 1937] where as many as 17 nuclei in each 
antipodal cell have been reported. 

VI. AbNOEMALITIBS associated with EMBEYO-SAC EOEMATIOH IN' 

Saccharvm 

The following abnormalities were observed durmg the course of the 
investigation : — 

1. Fusion of the (laughter nuclei. — The two daughter nuclei formed after 
the first mitotic division in the developmg dyad cell instead of separating to 
the poles, were found to fuse together. Plate X, fig. 41 represents such a 
fusion nucleus with the mioropylar dyad in a degenerate condition. The 
cell in which a fusion was observed was three to four times as long and broad 
as the binucleate megaspores and was found to behave as a young embryo- 
sac. The embryo-sacs developed from such nuclei should aU have a diploid 
chromosomal constitution. Thus a condition for the formation of 2w gametes 
was found in sporogenesis as well as during embryo-sac formation. 

2. Reversed of normal embryo-sac.- — Reversal of the normal embrjm-sac, 
viz. the egg apparatus occupying the chalazal end and the antipodals the 
opposite end, was occasionaly seen in 8. officinarum var. vellai (Plate X, 
fig. 42). Such a feature has been reported in embryo-sacs of a cross between 
vellai X C A C 87 by Dutt and Rao [1933]. 

3. 8econdary egg cells m em6ryo-sac.— Several abnormalities associated 
with the antipodal cells were observed. Occasionally one of the antipodal 
cells at the chalazal end of embryo-sacs of 8. officinarum simulated an egg 
cell, the other two apparently forming the synergids (Plate X, fig. 43). The 
normal egg apparatus was also present at the mioropylar end. Such dupli- 
cated egg cells in an embryo-sac would probably give rise to double embryos. 
Similar egg-like antipodal cells have been reported in Alli-um nigrum [Modi- 
lewski, 1931] and Allium suhhirsutum [Messeri 1931]. The presence, at the 
mioropylar end in embryo-sacs of 8. officinarum, of an additional *ego--eell 
with two polar nuclei, but with no trace of antipodals at the chalazM^’end, 
shows that they are transformed antipodal cells (Plate XI, fig. 44). Plate XT 
fig. 45, shows a similar feature in S. spemtaneum but as the three antipodals 
are also observed, twin egg cells in this case are probably derived by extra 
divisions of the nuclei, after the third mitosis of embryo-sac formation. 

4. Binucleated antipodal egg. — ^An antipodal egg-ceU. in which two nuclei 
probably derived by fusion of two antipodal cells, were found closely adhering 
to each other for fusion. In such cells one of the antipodals was found to 
simulate a syner^d. The normal egg-apparatus at the mioropylar end was 
then found to be in a degenerate condition (Plate XI, fig. 46). 
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5. Abnormal divisions of antipodal cells . — Unlike 8. spontaneum, the 
three antipodals in S. offic, inarum rarely divide to form a tissue. Howevei-, 
the propensity for activity was evident in several ways. The three primary 
antipodal nuclei fused together and presented a swollen appearance (Plate Xf, 
fig. 47) or the nucleus in each antipodal cell gave rise to sev’cral free nuclei 
without cell- wall formation (Plate XI, fig. 48). Plate XJ, fig. .'>0 show.s that 
two of the antipodal cells are enlarged, the third one by furlJier divisiou.s i.s 
seen to simulate an embryo. Later stages of the.se have, liowever, not 
observed. 

6. Secondary embryo-sacs. — Tvv'o embryo-.sac.s are sometime.s observed 
embedded in the same micellar tissue (Plate XI, fig. 50), as re|)orted in poa 
[Anderson, 1927], These probably arise from two functional megaspores. 
Seeds derived from such ovules would show twin seedlings on germinaticm. 

7. Partkenogenetic development of egg cell . — In sections of an unpollinated 
ovule of (S. officinarum an embryo was found to have developed at the n.iero- 
pylar end (Plate XI, fig. 51). The two polar nuclei were still unfusc'd and 
showed signs of disintegration. 

8. Nucellar emhryony . — Plate XI, fig. .>2 show's a four to .si,v-ee!led embin-o 
formed by one of the cells of the nucellar tissue, in an ovule just at the tinu' 
of pollination. It is highly probable that this embryo is formed apogam- 


Plate XII shows a schematic representation of stages in divisioms of 
megaspore-mother-cells and features in embiyo-.sac I'ormation. 


VII. Fertilization and embryogbny in 8. ow/C'/NARtbn pollinated by 

8. Spontaneum (2A’=:64) 


In ovules of I?, officinarum, fixed just before pollination, the normal egg- 
ceU was found to be pear-shaped, with the narrower end towards the micro- 
pyle (Plate XIII, fig. 53). Thetw'o polar nuclei were foiuxl in close [uoximity 
to the egg cell and were surrounded by riel) cytoplasm. In one in.stance, 
the egg cell and synergids w'ere found to be connected together In' a peg-like 
grow'th from the latter wdiich showed signs of degeneration. This pheno- 
menon seems’ to indicate that the synergids function a.s suj)f)lier.s of nutrient.s 
to the developing egg cell. The three antipodals were either prominent oi- 
showed signs of degeneration. 

In materials fixed two hours after pollination with 8. spontaneum, no 
apparent changes w'ere observed in the embryo-.sac. The volume of the egg 
cell, however, w'as found to have eoasiderably increased in ovules fixed four 
hours after pollination. Starch grains and oil globules had formed around 
the egg nucleus. Six hours after dusting with pollen, pollen tubes w'cre found 
growing between the integument and the pericarp (Plate XI 11 , fig. 54). Plate 
Xill, fig. 55 represents the section of an ovule at the same stage, in which the 
swollen tip of the pollen tube could be seen to have penetrated the embryct- 
sao with its two generative nuclei. 

In a few of the sections examined, the cytoplasm in egg <iell was found to 
be very granular forming a dense ring of chromatic .substances round the egg- 
nucleus (Plate XIII. fig. 55). Similar chromatic bodies have been observed 
in Triticum by Watkins [1925] and Eknsine by Krishnaswami and Ayyangar 
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44 : Double egg cells at the micropylar end of an embryo-sac of vellai with 2 pairs of polar 
nuclei ( X 250) ; 45 : Embryo-sac of S. spontaneum showing the two egg cells of the micropylar end each 
with a separate pair of polar nuclei ( X 250) ; 46 : Binucleate antipodal egg in an embryo-sac of vellai 
with the normal egg apparatus in a degenerated condition (X250) ; 47, 48 and 49 : Abnormal antipodal 
cells ( X 250) ; 50 : Secondary embryo-sac in nucellar tissue in an ovule of vellai ( X 250) ; 51 : Nucellar 
embryo in an ovule of vellai (XlOO) ; 52 : Parthenogenetic development of an egg in vellai with the 

iinfused polar nuclei showing signs of degeneration. 
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was fb'Eiid to be sarroanded on all' sides by free iraelear eiidoi-sperm whiell 
becaiiie cellalar in later stages of developiiieat; 

, The rest, of tlie deTelopment of the embryo in Hacdiamm was also Jxiiiiid 
to be similar , to that in other- grasses. Observations on sections o;f, ovules 
showed a marked difference in size l>etxveen the embryos at tJie foiir-celied 
stages. A' regalarity in the sequence of divisions in the pro-embryo was 
also noted especially 'in the small-sized ones: The axis of development of 
.the -young embryo was found to be indicated by a central patcli oi: cells that 
show bigger nuclei with richer cytoplasm than those in the surrounding cells 
(Plate XIV 5 , fig. -70). , Disorganisation of' the antipodal cells was found to 
take, place , simulatenously with' the formation of eiidosperiii [Artsehwagpr 
et ah, 1929]. The antipodal tissue in Zm and Coix occasionally retains its 
activit}'' even up to the time the seed is mature [Weatherv ax, 1930 ; Randopllp 
1936] while in Poa, the antipodals persist till late in the endosperm formation 
and then degenerate. 

VIII. Djscuss.i:ok 

{a) Production of iriploids and the condition of polyploids iv^ BacciiaTinn 

The most widely prevalent method of tri])]uid fmmation in flowering 
plants lias been traced to the union of gametes that have a diploid and ha]>*oid 
clironiosomal constitution. Direct cytological evidence for the origin of a 
triploid, through an uniediiced female gamete being effective in fertilizatioiij 
has,, as Sansome and PLilp .[1932] have obs-ervcxb been rather meagre in most 
cases. More often the evidences Tor such ait* based on geneti<*al studies 
Triploid progenies, through fusion- of n and 2n gametes (arising presumably 
through iiTegularities in meiosis) have been reporied in a large number of 
plants, as in Crepis [Navashin, 1929], Nkotiana j'Brieger, 1928], lima [Erlaiison, 
1929, 1933 and 1934], [Mtintzing, 1030], Mum [Cheesmaii, 1931], 

Qossypiu^n 1934], [Graze, 1935], JMphmmm [Lawieiice, 

1936], ViUs [Olmo, 1937], Lolium [Jenkins, and Thomas, 1938], etc. Back- 
crossing the progenies .with one of the parents has resulted in the produc- 
tion of triploid, plants ill MapJiano-Brassica [Karpeehenko, 1927] and Nicotianu 
[Lamiiierts, 1929], AUo-triploids- . have .also been obtained in intergeneric 
crosses between Zea, Tripsacum md EticMaena ['i\Iang!esdorf and Reeves, 
1935], A triploid radish X turnip hybrid has risen through functioning of 
diploid radish egg cell [Morris and Riccharia, 1937]. 

In most of the plants in which triploidy has been observed, the plants 
are either diploids or lower polyploids. S. officmanim, with 80 chro- 
mosomes, represents an oetoploid with a basic number ten, while S. spon- 
taneum ( 2 :^ 2 . =56) has been considered to be a dibasic oetoploid [Janaki Animal, 
1939]. My observations show that triploids are produced in Saccimrum 
through a diploid egg cell being effective in fertilization. Such triploids 
fliffer iVom the normal ones in that their haploid number of chromosomes 
already^ represent a high ployploid condition. They are, therefore, * triple- 
polyploids ’ [Janaki Ammr.I 1929] and similar to the mutant triploids occur- 
ring in secondary polyploids like [Darlington and Moffett, 1930 ; Hail- 
bora, 1!I35]. 
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PLATE XIII 



53 : Mature embryo-sac of vellai : a peg-like growth from the synergids is seen to connect the egg 
cell ( X 400) ; 54 : Shows pollen tubes growing between the integument and pericarp : one is seen to have 

penetrated the micropyle with its two generative nuclei (X 100) ; 55: Embryo- sac showing dark 
bodies deposited round the egg nucleus during the entry of pollen tube ( X 250) ; 56 : Embryo-sac of 

vellai showing the egg nucleus at metayjhase stage of division before the penetration of pollen tube 
( X 250) ; 57 : Zygote showing 2 nucleoli of different sizes and surrounded by free nuclear endosperm 
(X 250) 
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Gytological studies hj Bremer in the hybrid ‘ Kassoer \ obtained from 
mosses between ;S'. offietmrum var. Black Cheribon {2w=80) and the wUd 

Java (2«,=56), revealed that 68 bivalents are 
^ and metaphase stages of first division in pollen-mother- 

cells. The plant showed 136 chromosomes in somatic cells instead of the 
expected number 96. This duplication of the monoploid set of chromosomes 
occurred m 8. the pistiUate parent. In none of his preparations 

re<\uction divisions in megaspore-mother-ceUs, was he 
able to fiiid a single instance of non-reduction. This led Bremer 11923 19291 
to conolude that the phenomenon of doubhng of chromosomes in'the femak 
IS characteristic of species hybridization in SaccUrum, doubling taking place 
by a longitudinal sphttmg of chromosomes in egg cell, the chromosomL of 
Sjpontcmmm remaimng unsplit ’. The production of autotriploids among 
selfed seedlings and triploid hybrids among interaspeeific crosses between 

aitterent cliromosonaal types of [Jaiiaki Ammal, 1938 21 

8iiow that causes other than species hybridization are responsible for the 
origin of triploids in this genera of grasses. 

(6) Formdtion of 2n gametes in Sacoha.ruin 

during meiosis or in premeiotic divisions in arches- 
poiial cells have been found to lead to non-reduction and development of 
unieduced gametes. Thus retardation or suppression of first division has 

19351 [Ljungdah, 1922] and Taraxacum [Gustafifson, 

litA K nuMcation of first or second division has been found in plants 
ike P/#mw [Darlmgton, 1930], and ZTi'eraemm [Rosenberg, 1927]. Itouble 
cmsion of univalents, associated with complete failure of pairing at meta- 
l^brids [Federley, 1931], have not been teomronly 
rMeur-nmi^*^199^^^D^ plants, though found to occur sporadically in Ribes 
' ” [1^37], however, reports such a feature to 

^ itlil ™ hybrids of Oryza. Syndiploidy as found in 

aiitheis ol OcJma [aiiarugi 1930], Lactuca [Gates and Rees, 1921], Tritictim 

RlWm }’ f'“ 1929], Avena [Nishiyama, 1931 ; 

, ’ ' * fShirootomai, 1931] have not been observed 

m archesponal ceUs ui ovules. 

. r similar abnornialities were expected in megaspore-mother-cells 

o t-atthariim, my observations have shown tliat normal reduction division 
occurs _m botli the species giving rise to a spore-tetrad or a triad row of three 
( t s, \ iz. an undivided dyad and two megaspores. A reunion of two mega- 
spore, s tliat have each a haploid set of chromosomes leads to the formation 

megaspores in both the species of Saccharum. 
Uiat the tv o nuclei fuse together is evident by the presence of ‘ fusion nuclei ’ 
ound to be formed m a common cell at the pollen grain stage in anthers. A 
smnlar reunion of daughter nuclei was also observed after the first mitosis 
ot embryo-sac iormation from a haploid dyad eeU, a feature interpolated in 
le couise of a Scdla tyjie of development. Such ‘ fusion nuclei ’ are found 
0 give rise to diploid embryo-sacs, as the duplicated number of chromosomes 
could be counted at the first somatic raetaphase of embryo-sac formation. 
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' The "occurrence of triploid (Zn) and pentaploid (5n) endosperm show that 
normal anci diploid female gametophytes are effective in fertilization in botli 
:the /Species" of 'Sacctenm. It follows, ' therefore, that triploid embryos are 
produced by. fertilization'. of the diploid eggs, and have resulted in tlie prodtic- 
tio.n^. of autotriploids'.'in' jSt spotito a,nd hybrid triploids in S. ofkinarum 
pollinated with aS. spontamum. It is highly probalde that the larger embryos 
represent such triploid ones. 

Beunion of daughter nuclei in the haploicl generation has also been 
observed in Saccharum, at the chalazal end in enihryo sacs, giving rise to 
diploid cells simulating eggs. Such diploid egg (elLs on fin'Ulizaiion (-ould 
also give rise to triploid embryos. They might also levelnp parihenogene- 
tically. 

Division of the mature egg at the time of fertilization was t^hserved onh/ 
in a single instance. This probably represents a donblirig of chromosomes 
presumed by Bremer [192S], According to him such a si^litthig of chromo- 
somes is a result of the stimulus of fertilization Midiwima and Haito [1937] 
give the same explanation for the origin of triploi<i !h'a>^^^lca-!laph<nufi^ h\d>rids. 
Newton [1927] observed a doubling of chromosomes at i\w (lialazai end in 
the second d,msion of .meiosis, ■ in enibryo-sacs cd the liCiostemones section 
of TuUpas, On two occasions, in T. Kolpahncsluana. he also f observed its 
occurrence at the micropylar end. vSuch a dou])Iing was remarkable in everv 
fertilized ovule in the capsule and the frequent production of autotrij^haids 
among TuUpas have been explained in this manner [Dariington, HK17]. 

,, However, my observations. on the species of SactJanitm offieifiariiin and 
S, spontanmm show that doubling' of eliromosomes takes place moi^e often 
during gametogenesis ' than fertilization. .'This feature does iicd ccmfoim to 
any of the, hitherto described types of meiotic irregularities leading to non- 
reduction, , unless we consider this fusion of an already divided dya.d as ecfui- 
valent to ' the nulllfieation of 'second division h .\Iy observations also show 
that the same causes that produced autotriplody in sponia^n^nm are found 
to be responsible for the origin of interspecific triploids between o(pe}narnm 
and' spontaneumk 


(c) Time mlaiiom^ 

Non-simultaneous divisions in dyad cells of pollen-moiher (‘oils have 
been reported in a number of grasses like Elmmm, Onjm, etc. Observations 
on divisions in megaspore-mother-cells in Saecimrmn shorn' that nuclear and 
cell divisions in the inner or chalazal dyad always precede division in the 
outer or micropylar dyad cell. This delaying of cell division in the upper 
one has also been found to result in its complete degeneration. Immediately 
after the first division, the lower dyad is found to increase in length by further 
growth, whereas the upper one remamed without any change. The second 
divison spindle in the upper dyad w^'as also found to be defective in certain 
oases. In Sacchamm^^ therefore, could be observed an irregularity due to 
timing and spacial adjustment, brought about by a lack of coordination of 
certain external and internal agents of cell division. Such a condition may 
be the outcome of a nutritional advantage of the innermost inegaspores of a 
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linear tetrad, being in immediate contact with the floral axis. This condi- 
tion does not arise in poUen-mother-cells. 

{d) PaHJmnogenesis in Qa,CG\\a,xvim 

It has been found that ordinarily the egg cell in normal einbryo-sacs 
develops into an embryo only after fertilization. Several plants hRve, how- 
ever, been known to develop haploid embryos by influence of certain external 
stimuli like electrical, chemical and mechanical injuries inducing the unferti- 
lized egg to develop. Haploids have been produced by selfing in Nicotiana 
[Webber, 1933 ; Goodspeed and Avery, 1930], and Solanuin [Humphrey, 
1934] or pollination with a diiferent species as in Datum [Belling and Blakeslee” 
1927] and Solanum [Jorgensen, 1928]. Heat treatment as in Zea [Randolph* 
1932] or dusting with X-rayed pollen as in Triticum [Kihara and Katayama’ 
1932 ; Katayama, 1935, and Chizaki, 1934] have also been found to induce 
parthenogenesis. In plants like Allium odorum [Modilewski, 1930] and certain 
species and biotypes of Potentilla [Miintzing, 1928], parthenogenesis has 
been induced by pseudogamy, viz. the male gamete merely exciting the de- 
velopment of the egg and then degenerating. 

Gaines and Aase [1926] found that haploid Triticum compactum arose 
parthenogenetically following the fusion of both the male gametes with the 
polar nuclei. According to Haberlandt [1921] the stimulus of degeneration 
of synergids and nucellar tissue has induced parthenogenesis in 
and Hieracium. It has been found that diploid parthenogenesis in species 
of Chondrilla [Poddubnaja-Arnoldi, 1933] and Taraxacum [Gustaffson, 1934] 
has been associated with meiotic irregularities like the formation of restitu- 
tion nuclei leading to non-reduction and development of unreduced gametes. 
In Artemisia nitida [Chiarugi, 1926], such diploid embryos are produced 
parthenogenetically in gametophytes developed from a single diploid mega- 
spore as in Hieracium and Antennaria [Bergman, 1935], and Poa serotina 
[Kiellander, 1935], from one of the diploid dyads as in Taraxacum, or from 
one of the tetrad diploid megaspores (Alchemilla type). 

Since in S. officinarum, einhvyo c&n develop in unpollinated ovules, the 
reunion of two megaspores after a normal reduction has to be considered in 
the light of a ‘fertilization’. It is, therefore, in result identical with the 
sexual fusion of gametes. This fused nucleus (with the constitution of a 
zygote) develops into a diploid gametophyte, in which one of the nuclei 
divides to form an embryo at the micropylar end. 

The degeneration of the two polar nuclei associated with parthenogenesis 
is a noteworthy feature in 8. nfficinarum. In species such as Erigeron annus 
[Holmgren, 1919], the two may fuse or, as in BatemopAora [Ernst, 1914], may 
not fuse. In Zephyranthus [Pace, 1913], however, an endosperm tissue was 
formed by fusion of both the polar nuclei with a generative nucleus. 

Nucellar embryony, viz. one of the cells of the nucellus directly develop- 
ing into an embryo, was found in unpollinated ovules of 8. off.cinarum. A 
similar feature by stimulation of pollination has been observed in Allium 
odorum [Haberlandt, 1923], and in Zygopetalum Maclcayi [Suessenguth, 1923]. 
Mangelsdorf and Reeves [1931] observed many partbenocarpic ovaries in 
Zea ($) X Tripsacum (d) in which the nucellar cells were growing. 
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In parthenogenetio deyelopment in 8. officinarum, the two polar nuclei 
which are found in a degenerate condition probably supply the egg with 
nutrients. In Orinum [Toinita, 1931], it has been found that embryo develops 
without endorsperm formation. Such embryos probably derive nutrients 
by destroying and absorbing the contents of micellar cells. Thus failure of 
endosperm formation that would nourish the embryo seems to be made 
good by the egg cells deriving food materials from synergids, polar nuclei, 
antipodal cells and surrounding nucellar tissue. 

(e) Polymbrymy 

Multiple embryos have been known to develop from cells of micellus, 
synergids, antipodal cells, suspensor cells and cells of the integument. Thi.s 
polyembryony has been reported in grasses like wheat, oats and rye [Hansen, 
1920 — 1921], rice [Komuro, 1922; Rodrigo, 1925; Jones, 19281. In ovules 
of S', offieinarum, double egg cells in embryo-sacs and secondary eml)ryo-sacs 
as in Poa, Oryza, etc. developed from more than one m<‘gaspore-niot.}ier-c(?ll 
have been observed. These provide the conditions for the production of 
twin seedlings. Twin seedlings of TriUevm, Semis, Avem, Phleum, Pan, 
Festuca, etc. have shovm deviating chromo.some numbers one of the twins 
generally showing to be a triploid [lliintzing, 1937], It is possible that such 
seedlings in ;Sacc/jamm would show their normal and polyploid nature as 
observed in wheat by Namikawa and Kawakanii [1934]. 

if) Zygotic viability md iMompatibility 

Thompson [1930], Weatherwax [1930], Kihara and jSTishiyama [1931], 
Watkins [1932] and Miintzing [1933] are of opinion tliat there exists a rela- 
tionship between tluee mutually dependant and gfmctically dissimilar tissues 
m a developing ovule, viz. : (a) the maternal tissue (jr micellus and integu- 
ments, (£») the filial sporophyte— -the embryo, and (c) the endosperm. 'I’lie 
numerical relationship between the mother, endosperm and embryo in a 
normal diploid plant is as 2 : 3 : 2, or in other words, the diploid embryos 
are in contact with triploid endosperm amidst diploid soma, or maternal 
tissue ; hence the tissues are in equilibrium and give viable seeds. According 
to them, a lack of harmony in the physiology of the embryo and pistillate 
plant, as a result of quantitative change alone, would result in a retarded 
growth of embryo and do not form viable seeds. In a diploid embryo-sac, 
all the eight nuclei have the same relative constitution as in a normal haploid 
one. The 3w embryo developed on fertilization of diploid egg is in contact 
with 5 k endosperm and is nourished by the 2 k sporophyte. This ratio does 
not seem to interfere with the viability of the developing embryo, since the 
competing system forms ‘ eim vitele Konstallafwn. ’ as observed by Muntzing 
[1930-31].' 

If doubling of chromosomes were to occur in haploid egg coll of 8. offl- 
cimrum, it does not lead to .a regular clu'oraosomal balance between the 
different tissue systems, as the triploid embryo resulting from fertilization 
would be in contact with a 3 k endosperm. This may probably account for 
the presence of degenerated embryos observed in a considerable number of 
ovules and for the high mortality of embryos generally observed in sugar- 
cane as reported by Artsohwagar et aL [1929]. 
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{g) Consequences of polyploidy 

DoubliDg of oliromoyome sets during gametogenesis in S, spontaneurn is 
associated witli an increase of size of the various parts in the auto-triploids 
followed by an increase in its yielding capacity [Janaki Ammalj 1939], The 
same chromosome complement has a quantitatively and qualitati\rely different 
plienotypic exy)ression when represented diTerent number of times. The 
triploid mutants of S. sponkmemn are known to be ‘ giants b 

Doubling of cliroinosoraes during gametogenesis, leading to non-reduction, 
is of great importance in the synthesis of new species and widely separated 
genera. Thus in the trigeneric triple liybridization only those hybrids of 
Triticmn dicoccum X Flaynaldia would cross with Secale cereale through 
functioning of unreduced teinale gametes [Kostoff and Arutjunova, 1937]. 
The doubling of chromosomes could be utilized as a means of increasing the 
crossability between plants and overcoming non-crossability [Karpechenko, 
1936 ]. This feet is of considerable importance in plant breeding as this 
would serve to bring together a combination of desired characters found in 
different species and genera. In the words of Karpechenko [1927], ‘ To learn 
how to increase arbitrarily the number of polyploid gametes, to learn how to 
pick out the latter and use them for crossing, is a very alluring task b 

Summary : 

1 . Megtisyjorogenesis in tlie two species of Saccharwm have been 
cally studied, Sleiosis in megaspore-mother-oeEs foEows the normal course. 
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In crosses between 8, officinaruM and 8, spontaneum the seedlings obtained 
have invariably shown a doubling of chromosomes of the pistillate parent. 
This might be due to a difference in the relative vitality of the uniting haploid 
gametes to form viable embryos or to some influence external to itself which 
cause the deatli of embryo during development of caryopsis. Perhaps the 
incompatibility of the haploid ^ spontaneAmn ’ genom to exist together with 
the haploid genom of ' officinarmn ’ to form a viable zygote might be the 
cause. How far selective fertilization is responsible for the same or whether 
successful fertilization is the result of a doubling of chromosomes, is hard to 
say. . 

In crosses betv/een the noble cane x 8orghum, viable embryos are formed 
from fertilization of both haploid and diploid eggs in the pistillate parent, 
wdiereas in Sacchanim X Imperata, only diploid fertilized eggs were found to 
be viable, unlike that in Sacchanim x Bamhusa liybrids [Janaki Animal, 
1938] where only haploid fertilized eggs have ]>een knoivn to be viable. Hence 
diploid eggs in the noble cane seem to be favoured at the expense of reduced 
ones in crosses with other species and genera. Seed development, in general, 
has been found to be better in interspecific crosses, when the parent contain- 
ing the high chromosome number is the female [East, 1935 ; Boyes and 
Thompson, 1937]. Therefore, any diploid egg in 8. officina>nim in a 2?z 
embryo-sac stands a greaier chance of being fertilized and producing viable 
seeds. The haploid fertilized eggs would, then be nonviable. Eor the 
reason, diploid pollen grains are less functional in producing triploid pro 
genies. 


548 


THE INDIAN JOURNAl. OF AGRIOlII/rORAL SCHENCE 


T 


if'i 


: '' , 



0 ‘t« Jnr. iiNlUAiN .JUURMAJ. DF AGRfOUI/rURAL SCHENCE jX 

2. Occasionally the innermost megaspore of a tetrad and more com- 
monly the inner haploid dyad cell develop into the embryo-sac. 

3. Diploid megaspores are formed by fusion of two inner haploid mega- 
spore nuclei of the spore-tetrad and more commonly observed in N nffi~ 

4. Both haploid and diploid embryo-sacs deveioj) and are of the normal 
eight-nucleate type. 

5. Normal and triploid embryos in S. offirimnim are formed bv fertili'/a- 

tion of haploid and diploid egg cells. ‘ 

6. Diploid parthenogenesis and micellar embi\'onv are recorded in N 

officinarum, ‘ ‘ 

7. Various abnormalities, like a reversal of the embryo-sac. presence of 
two egg cells in embryo-sacs, secondary embrvo-sax's in the same nueellus 
um-nucleate or binueleate ‘ antipodal ’ egg ceils, are observed in both the 
species. 

8. Evidences for the origin of triploid mutants and triploid hybrids of 

baccharum through non-reduction, reunion of daughter-nuclei or splitting of 
chromosomes in haploid egg cells have been presented. “ 

, 9- The reunion of two megaspore-nuclei is related as einiivalont to a 

sexual fusion ’ of gametes or ‘fertilization ’ and probably accounts ibr a non- 
recurrent parthenogenesis in SucchctftiM, 

1 of embryos in Sacchunim has been found to be nmliablv 

related to the degree of polyploidy of maternal t issm* and endorsperm. 
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Introductiok 

T he grape lia« almost itivariably found a place in tfm undiards throngli- 
out the Punjab, but its cultivation never assumecl that eomincn’cinl 
importance which is meted out to some otlier fruits^ 11 hh nmy bt^ due chiefiy 
to the cultivation of such varieties as happened to be uusuite<i to tlie (xmdi- 
tions prevailing and, as such, did not bear crops of that delicious quality for 
which the fruit from Quetta and Ohaman (as known in i‘onniierc«^) has made 
a name. Obviously the first step to the improvcmenl of this important fruit 
necessitated the trial of a large number of varieties grrH^iiig under diverse* 
conditions in various })arts of the world to sec wlih li <d’tlR‘m cimld be a(*c*]ima«- 
tized profitably and then supplement it by the evolution of mw variiU.ic*s 
through hybridization. With these aims in view, one hunrlred and ten varic* 
ties were obtained from California, New York. Russia. Australia, Quetta, 
Peshawar, Nasik and also from some placfes in the Ihmjab. Phe variei ies <d)l ahi- 
ed from California include several that are also popular in Pak*stine and France, 
those obtained from Russia unfortunately did not survive and those from 
New York have been planted only recently and it is tlms too early to give any 
authentic information regarding them. 

The varieties imported got mixed up somehow, with the result that at the 
time of fruiting an admixture of several distinct varieties was noti<*ed in rows 
of most of them. This presented difficulties not only in the matter of record- 
ing yields but alsoin actually ascertaining which individualin any parti(nilar row 
to label by the name under which it w^as originally received. In order to avoid 
confusion, the different varieties were assigned an identity designation till 
they were isolated, for which even the standard books on the siibje(*t 
[Bailey, 1922 ; Hedrick, 1919 ; 1922 ; Munson, 1909 Perold, 1927 ] did 
not help matters to any appreciable extent, as these works put together 
do not contain the description of more than a dozen and a half of the varieties 
reported in this paper. This naturally necessitated the carrying out of de- 
tailed investigations into their morphological characters with a view to isolate 
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them properly and further utilize the data for hybridization work. The 
importance of the work of this kind is well recognized in the horticulturaily 
advanced countries of the world , where botanical characters of the varieties 
under cultivation are recorded from time to time and the information, in 
course of time, forms an asset both to the grower and the investigator. 

In India there is a great dearth of literature on the subject particuluiiy 
witl\ legard to tins fruit, which is almost a monopoly of British Baluchistan and 
Afghanistan at present. In planning the investigational work reported here- 
in, the treatise on viticulture by Perold [1927] was found to be a valuable guide. 
The technical terms used in describing a vine are, therefore, largely those that 
are already well recognized in other grape-growing countries of the world. 

The investigations reported herein were carried out over a period of five 
years (1933-37). The mass of descriptive data, collected during this period, 
has been properly arranged to facilitate easy reference, the arrangement of 
description being identical for all the varieties. It is hoped that the data, 
reported in this paper, would be useful in many ways to the research workers, 
growers and nurserymen. The relative importance of various parts of a vine 
responsible for giving the varieties their distinguishing characters is discussed 
and a key to their identification is prepared on that basis. The key thus 
rtonstructed and reported herein is both easy of adoption a.nd exhaustive in- 
asmuch as it can help to isolate all the varieties in the collection at Ly allpur. 
Nevertheless the scope of its use may possibly extend to a further lot of varie- 
ties in the matter of diagnosing them. Furthermore, the descriptive notes 
regarding each variety would equip the beginners against undue -waste of 
time and money in the matter of introducing new varieties for trial as the 
same can be supplied from Lyallpur. This would also help the investigators 
in their work of breeding new varieties, besides proving of practical importance 
in the naming of stray varieties, purchasing varieties true to name and detect- 
ing the presence of ' rogues ’. Much of the confusion regarding correct 
nomenclature would also be avoided. 

Material used 

The grape vine varieties, growing in the experimental garden at Lyallpur, 
that were obtained from California, Australia, Q'^^fta, Peshawar, Nasik, and 
some places in the Punjab, served as the material for these investigations. 
The plants were set in their permanent places in the spring of 1928. The soil 
is sandy loam alluvial. All varieties were trained by three systems of pruning 
viz. head, cane and cordon, but the descriptions given herein relate to the 
vines trained on trellis and pruned to ' cane system ’ [Bioletti, 1922 ; Pb. 
Agric. Coll. Mag.; 1935] as all the varieties responded best for cropping 
to this system. 

Methods EMPLOYED 

Study ot the following parts of the vine was made in each case on the 
lines set forth as under : — 

(/) General vigour . — The vigour of the different varieties growing in the 
collection area was described as ' vigorous \ t medium and ‘ poor ’ according 
to the general appearance of the plant based on the thickness of trunk and 
length and thickness of canes. 





1 

i' 


I 

r 


I 


!, 



(2) Unfolding lmms,~The colour and pubt\s(jciice of iiijlnklin^c: k\‘ivc.s "vva.s 
recorded quite early in the gimviiig- season for ea^di vjiriiOy. 

(3) Growing shoois.— The degree of pubesienec rai grouing sliools wan 
noted early in tiie growing season, viz. months of April and "May. 1lio piiljcss- 
oent shoots are graded as ghibroiis, .eohwehhy, downy ami feltdikc^ as 
follows : — 

(a) Glabrous.— When iJie pubesc(an*e is ahnosi wantiiig. 

(b) (>d)W(.bby or slightly pubescmt.----^^^^^ Iho f}iib(\s(*c‘j[a'<‘ (‘xbaids to 

the first five nodes reekonecl froni th<: Up of the fdi<*oL 

(c) Downy or fairly pubescent.— Wlam ihe fndtt sof noo cxta iids over ih<^ 

first ten internodes. 

(d) Woolly or strongly, pubescent.— When tire piibtxsceiice c^xteiids over 

more than ten internodes. 

(4) Full-grown haves.—For a study of the leaf' chaructfTs only thf;.se 
leaves were selected that ■were Mrly imiforin in shape. Sinb a <‘ondi1ion was 
found to exist in almost all the varieties in eas(^. (d inh to l2tJs h/ascss roiiided 
from the base of the shoot. It may also be noted i hat. the !'an;.>fi oi* o<*ciirrcnco 
of the leaves of uniform shape was considerably inon^ in c-aso <d" the vigorously 
growing varieties. Sucdi observations as leaf shajui (Fig. 2), pubc*sccrH-c, 
dentition, pnbescenee and colour of leaf nerves, cohmr and pnbcsccnrf^ ot‘ 
petiole, etc. were made separately for each variety, ilie pubescent leaves are 
classed as : — 

Glabrous.— When the pubescence is almost wanting execqi a. »*>light. 
amount of it being present on the ncrwjs on the lower suiface 
of lamina. 

(b) Downy .—When there is only a fair an^ount of puheneeitee whhdi 
can be rubbed off easily. 

(c) Felt-like.— When the pubescence on tlie lower siirfac^e of tim leaf is 
. . dense ''giving;, it >■ .wwlly white appeanince and vdimlaiuk'^ 

■ rubbing.;: ■ ■ ■ 

(5) One-year-old wood (cam*).— Tim pivjpertkx^ of fJ,ie ripeiie^^^^ wood were 
noted after the leaves had dropped in order to see J)ow far they could help in 
distinguishing varieties. Their study consists of describing the colour, shades 
and pubescence if .. persisting. ■ To - study the length of internodes ten slioots ' 
were taken in case of each variety, which has been dfvscribed as short, medium- 
long and long as under 

Short.—Average length of internodes up to 3*0 cm. 

Medium-long.— Average length of internodes from :M to 4*6 cm. 
Long.— Average length of internodes over 4*6 cm. 

(6) The varieties were described as having perfect or imper- 
fect flowers, depending upon the presence or absence of essential parts. 

^ (7) Bunches and' berries . — Detailed notes on shape, size and compactness 
of bunches .; size and,, touglmesa; of peduncle ; size and condition of pedicel ; 
shape of berries, colour and condition of skin, condition and taste of pulp ; 
.number, ^colour and shape of seeds, etc.y for each ■variety, were recorded ' (Fide 
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Prbsentatioh of results 


(1) Vigour of varieties, — ^All the varieties growing in the collectioia^ ^ 
been placed into three groups, viz. vigorous, medium and poor. It may be 
mentioned at the outset that the varieties behave differently with respect to 
this character under diverse conditions but in a collection at any particular 
place the degree of vigour may give the varieties a distinguishing character. 
It, therefore, follows that vigour is a feature of relative importance only and 
its utility is limited to the comparison of varieties growing side by side when 
conditions are uniform and soil heterogeneity is at its minimum. This charac- 
ter, therefore, has not been employed to classify them. 

(2) Unfolding leaves. — The colour and pubescence of unfolding leaves 
along with the colour of margins was found to be a useful guide for differentiat- 
ing varieties, but this was, however, possible only by comparing side by side 
the growing tips of shoots. This feature provides such a wide range of varia- 
tion that individuals of no two varieties Under study looked alike, but it is to 
be noted that it is extremely difficult to describe the colour shades and degrees 
of pubescence, with the result that for diagnostic purposes the descriptive 
notes regarding this feature were of little use. If, however, coloured diagrams 
could be made, this character, perhaps, would serve to differentiate varieties 
better than several other features taken singly. 

(3) Growing shoots. — The growing shoots are either green or have purplish 
colour in them. The purple colour may either be in streaks or it may be pre- 
dominating in the region of the growing tips. The degree of pubescence on 
the two types of canes generally met with varies considerably. The data 
regarding the classification of varieties under study according to colour and 
pubescence of green shoots is set out in Appendix I. It wxmld be seen at a 
glance that comparatively a small number of varieties have purely green 
coloured shoots, but a large majority of them have purple colour in them. 
This feature is not so outstanding for the identification of varieties as some 
others described hereafter. If, however, the data is used in conjunction with 
other features, the classification of varieties can be greatly facilitated. 

(4) Full-grotvn leaves. — As stated previously, 9th to 12th leaves on the 
canes reckoned from the base were employed for noting tlie shape and pubes- 
cence of leaves for all the varieties under trial. 8iu‘li leaves were invariably 
found to be of uniform shape and size if growing normally. In Appendix II 
the varieties have been grouped according to the sha])e and pubescence of 
leaves thus studied. With the exception of Agawam . the shape of leaves of 
the remaining varieties is either orbicular or cuneiform (I'ig. 2), The varieties 
having these three forms of leaves are further grouped ac‘eording to the degree 
of pubescence on the lower surface of leaves, viz. glabrous, downy, or felt-like. 
All the varieties under study thus fall into seven groups. 

(5) One-year-old wood. — Notes on the charac of ou e-year-old wood are 
compiled in Appendix III. This character, when used in (X)njunctioTs with 
others, is quite helpful in identifying varieties. 

(6) Bunches and 66me5.— This, perhaps, provides the best single feature 
for diagnostic purposes and is also quite easy of accurate description. No 
two varieties look alike with respect to the character of bunches and berries. 
The berry characters constituting colour and shape are set out in Appendices 
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IV and V, respectively . Both of these characters have been found to be very 
helpful in identifying varieties. 

There is always a certain amount of variation in the colour and shafKi ol’ 
})8iTies. For instance under ‘light purple ’ column (Appendix IV'') not only 
the varieties having light purple colour are includcsd i)ut also otliers l liat arc 
cither red or reddish. Similarly under ‘ green ’ colunii!, viirioti<‘s having green 
and yellowish green berries are included ; and und(>r ‘ liglii green ’ eolninu. 
varieties having light green, greenish yellow, puU; green and yellowish while 
colour, etc. are included. Tlie sliape of berries also vaiics to .some: e.vteni in 
nearly all the variel.ies, especially in case of those Ihaf hear conijiaet liuta hes. 
For study of shape, Lheretbre, berries from fairly lot/se hunches or haise pui’ts 
of the coinpaet bunches were invariably taken so as (o exclude Ihose having 
abnormal shape from berry shape study. 

Notwithstanding all this, certain unsurmoiinluhle ditlii ultic;-' were expe- 
rienced, e.g. in the case of spherical berries there wej-e some sliglif ly clexiating 
from the perfect spherical shape but had to be cla.s,sed as splundital. 'I'he sann' 
difficulty was experienced in ca.se of the short-oval and oval-shaped variedies. 
It is, however, considered advisable to class varieties having short-oval sliajjc 
as distinct from those having oval shape but also to refer to some otlier dis- 
tinguishing characters in cases of dispute. 

Description of mrieties.— The varieties have been arranged and described 
in their alphabetical order. 


Aguwam 

FinAS,— Of medium vigour. 

Sfeoois.— Medium-thick, medium-long, rough; ijoiour rod in .streaks on 
green ; pubescence strongly woolly ; internodes medium-long ; tmuirils medium- 
long, pubescent, trifid, discontinuous ; tips of growing shoots brownish green ; 
young leaves appear white due to dense pubescence on both surfaces, margin 
green. 

Danes. — Smoky, angular, bark peeling oft’. 

Leaves. — Dark green on upper but light green on lower surface, thick, 
rough ; shape cordate ; pubescenoe downy on upper but folt-iike on lower 
surface ; leaf entire, petiolar sinus slightly open below, others missing ; teeth 
very broad and pointed ; terminal tooth broad, rounded and pointed ; nerves 
thick ^eenish yellow with pinkish dots, strongly pubescent, stalk very thivik, 
yellowish green with pink shades, pubescence downy. 

Flowers. — Hermaphrodite. 

Oharaefers of the hunch. — ^Peduncle short, thick and tough ; bunches me 
dium, long, pyramidal, single, loose or compact, even ; pedicel short, t-hick and 
warty ; berries medium to large, spherical ; skin jmrplc, thick and leathery ; 
berry content quite pulpy sweet with a peculiar mango flavour ; seeds dark 
brown, 2-4 per berry. 

A light to medium cropper ; ripens during the month of July. 

Angulaia 


Vines. — ^Vigorous. 

-Sibote.— Thick, medium-long, rough; colour dark purple; i)ubescenco 
densely woolly i internodes medium-long ; tendrils short, pubescent, bi- or 
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trificl, intermittent ; tips of growing shoots brownish green ; young leaves 
yellowish green, margin reddish green, pubescence on both surfaces, 

Gants , — Smoky on one side and light brown on the other, angular, bark 
sound. 

Leaves, — Dark green on upper but light green on lower surftice, tliick and 
rough ; shape cuneiform ; pubescence downy on upper but felt-like on lower 
surface ; 5-lobed, petiolar and other sinuses well marked ; small and bigger 
teeth irregularly alternating, medium ; nerves medium-thick, strongly pubes- 
cent, yellowish green ; stalk short, thick, strongly pubescent, light green and 
pink in patches. 

Hermaphrodite. 

Characters of the bunch. — Peduncle long, thin or medium -thick, soft and 
brittle ; bunches medium or large-sized, long, irregular, divided, very loose, 
fairly even ; pedicel long, thick and warty; berries small or medium-sized, 
spherical ; skin pinkish yellow, thick and leathery ; berry content juicy, a bit 
acidic, quality fair, seeds brown, about two per berry. 

A light to medium cropper ; ripens in July. 

Australian 

Vines. — Of medium vigour. 

Shoots. — Thin, short, rough ; colour yellowish green with pink lines ; 
pubescence downy; internodes medium-long ; tendrils medium-long, bi- or 
trifid, wooly, discontinuous ; tips of growing shoots reddish green ; young leaves 
yellowish green, margin red near the tips of teeth. 

Canes. — Colour brown on one and greyish yellow on the other side, angular. 

Leaves.— Dei>Tk gieen on upper surface but light green on low^er one, small, 
thick and rough ; shape cuneiform ; almost glabrous ; 5-lobed, petiolar sinus 
open and cup-shaped, basal and lateral sinuses also well marked and V-shaped ; 
teeth narrow, small ones alternating wdth bigger ones, terminal tooth very 
narrow, long a,nd pointed, nerves thin, pinkish, strongly woolly ; stalk short, 
thick, pink, slightly pubescent. 

Hermaphrodite. 

Oharacters of the bunch —Peduncle long, medium-thick, tough ; bunches 
medium-sized, long, pyramidal, single, fairly compact ; ripening even ; pedicel 
short, thick and warty ; berries medium-sized, spherical : skin purple wdth 
blue bloom, thick and leathery ; berry content pulpy, firm and sweet ; quality 
fair ; seed colour reddish brown, 2-4 per berry. 

A light cropper ; ripens about the beginning of July. 

BaJcator 

Vines. — Vigorous. 

^ .Shoots.— Thick,, mecimm-long, rough ; colour dark purifie on upper but 
green on low^er surface ; pubescence densely w^oolly ; internodes medium- 
long ; tendrils short, pubescent hi- or trifid, intermittent ; tips of growing 
shoots brownish green ; young leaves yellowiBh green, margin reddish green, 
pubescence on both surfaces. 

Caries —Brown on one and greyish yellow on the other side, angular. 
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meclium-tMck, rough; colour green «iil, .streaks 
inibesceuce wof>lly (very sman hair) : interno<le.s .short : tendrils sh,,ri hifi, 
pubesoent, mtcrimttent : tips of growing shoots l)rownish green • uiihddi,, 
leaves greenrsdi yellow, itiargm pink, ])u})e,s<*nt f.ii both surfaces 
CfflMe.?.— Smoky, angular, bark sound. 

on upper but light green on lower .surlkee. niediini! 
thi^k, wugh ; shape orbicular ; pube,seenf>e downy on lower surfm.-e but glabroii 
r bove 5-lobed, petiolar sinus closed above by ba,sal lobe,s but open below 
basal sinuses le.ss marked than lateral one.s ; teetli large, broa'i a . o fe 
terminal tooth narrow, tapering and pointed ; nerves velhnvi.d. i ^ 

pmk or brown shades, pubescent, thin * Hkilk shnrf 'ihh, . 

greei, with pink shades, Sightly prtlint ' 

Floivers. — Hermaphrodite. 

fJiaracters of the bunch. — Peduncle niedium-lon^, thin tumdi * UmuAu*. 
small or medium-sized, loner nvramiVhil F ; hunuHi* 

pedicel ,„cdi,n„-Io„g. thin Ji 

Ang„“®''‘ "P»"“ *»"> '''iO »eok „f.l„„e t„ 

Bedana 

V ines. — Vi gorous. 

puiiescent, trifid, intermittent; tip.s S*'^owinrshoSsT^V 

leaves yellowish green, margin of the .same ^ b ’ tfs^ 

Ganes.~S,m6ky angular, bark sound. 
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but slightly open in the middle, basal and lateral sinuses not well marked, 
V-shaped ; teeth acute and pointed ; terminal tooth acute and pointed ; nerves 
thin, light pink but red near their point of origin on the upper surface, slightly 
pubescent ; stalk short, thin, green with purple streaks, glabrous on i)oth 
surfaces. 

Flowers. — Hermaphrodite. 

OharactPjra of the bunch . — Peduncle long, thick and brittle ; bmiches large- 
sized, long, pyramidal, single, compact ; ripening fairly even ; pedicel mediuni- 
long, thin and warty ; berries smaU-sized, oval ; skin greenish yellow, medium- 
thick and cracking ; berry content a bit firm, sweet and of good flavour, seed- 
less. 

A medium cropper ; ripens from the middle of June to the middle of 
July. 


Bettino 

Vines. — Of medium vigour. 

Shoots. — ^Medium-thick, medium-long and rough ; colour bluish red in 
patches or lines on green shoots ; pubescence densely woolly ; intej-nodes me- 
dium-long ; tendrils short, pubescent, bifid, intermittent; tips of growing 
shoots brownish green, woolly, ; unfolding leaves yellowish green, wnoUy, 
margins tinted red. 

Canes. — Smoky on one side and light browm on the other, round, bark 
sound. 

Leaves.— Bark green on upper but light green on lower surface, thick and 
rough; shape orbicular; pubescence downy on upper but felt-like on lower 
surface ; 5-iobe&, i)etiolar sinus closed above by basal lobes but o])en below, 
basal and lateral sinuss-s well marked, U-shaped ; teeth narrow and pointed, 
small and big ones irregularly alternating ; terminal tooth long, narrow and 
pointed ; nerves thin, yellowish green with pink shades, 1st and 2nd laterals 
red near their point of origin, strongly woolly ;stallc light purple, short, medium- 
thick, pubescent. 

Flotvers. — ^Hermaphrodite. 

Characters of the bttwcA.— Peduncle medium -long, thick and tough ; bunches 
medium-sized, long, pyramidal, single, compact ; ripening even ; pedicel short, 
thick and warty ; berries medium to large-sized; shape spherical or short 
oval ; skin thick, dark purple with blue bloom, leathery ; berry content a bit 
firm, juicy and sweet ; seeds dark brown 2 to 3 per berry. 

A light to medium cropper ; ripens from the middle of June to the middle 
of July. 


Bhokari 

Vines . — ^Very vigorous. 

Shoots.— Thick, long, rough ; colour dark purple with green lines or shadss ; 
pubescence woolly ; internodes long ; tendrils medium, pubescent, bifid, inter- 
mittent ; tips of growing shogts brownish green ; young leaves puiplisb green, 
margin red, pubescence on both surfaces. 

Canes. — Purple, round, pubescence persisting. 

Leaves.— Bark green on upper but light green on lower surface, raedium- 
tbiek and rough ; shape cuneiform ; pubescence glabrous on both surfaces ; 



54obecI, bafcial sinuses less marked than others ; teeth long^ narrow' and |Hiiiitecl 
terminal tootli long, narrow and pointed ; nerves tliin, greenish yellow witli 
pink dots ; on upper surface of the lamina the nerves are purple til! ilie pcvint 
where tertiary nerves arise, but on the lower surhice thc^ second, lateral iici'ves 
are purple only jieai' tiieir point of origin ; stalk short, ihiji. dark purple with 
green shaders, almost glabrous* 

Flowers. — Henn aphrodite. 

OharacAers of the bimch . — Peduncle long, mediunntiiiek, tough ; hunches 
medium to large-sized, long, pyramidal, usually single, iiiirly eonifau^t, ripein 
ing even; pedicel long, mediuin-thic^ smooth and briitk^ ; berries large, 
spherical ; skin greenish yellow, thick and leathery ; berry (Mmituii juicy, Diild 
sweet, quality fair ; seeds well developed, brownish black, i-2 jier Ihu’cv. 

A heavy cropper ; ripens from the end of June to the end of July. 

Black Damascus 

Vines. — Vigorous. 

Shoots. — Long, tliiek and rough; dark purple shades or* liiars on green ; 
pubescence strongly wa^olly ; internodes medium-long; tendrils mediunidung, 
bifid, pubescent and inteimittent ; tips of growing shoots, Irrow ihsh-green, 
strongly woolly ; unfoMing leaves greeiiish-'vvhite with red nrargius, dense 
pubescence on both surfaces. 

Canes. — Light brown but slightly smoky on one side*, prominently an- 
gular. 

Leaves. — Dark green on upper but liglvt gr‘een on lower surface, thic-k and 
rough ; shape orbicular ; pubescence downy on upper but felt -like on lower 
surface; 5-lobed, petiolar sinus closed above but open below, other sinuses 
well marked ; there is a tooth developed at the base of lateral siiarses : teeth 
in two series, small ones regularly alternating with large, l>road and pointed 
ones ; terminal tooth long, narrow and pointed ; leaf nca'ves strongly pubes- 
cent, medium-thick and pinkish yellow in colour but the mi<idle ami lateral 
nerves turn purple at the tip>s, second lateral nerves f>urple near their point 
of origin till the point where the tertiary nerves arise ; Ic^af stalk green with 
dark purple shades, short, medium thick and slightly pulasseeni. 

Flowers. — Hermaphrodite. 

Characters oj the bunch. Peduncle short, tinek and tough : fnuiehes me- 

dium or large-sized, short, pyramidal, single and fairly lu<»se ; ripening fairly 
oven ; pedicel merliiim-long, thick and warty ; berri(3s mealium to large-sized, 
oval ; skin dark purple with blue bloom, thick and cracking ; berry cjonient a. 
bit firm, melting and sweet ; fiavour and quality good ; seeds of brown (colour 
well-developed, 2 to 3 per berry. 

^ A light to medium croirper ; ripens from the beginning to the Hiinl week 
of July. 

■ . Black .Prince 

Vines. —Vigor am. 

Sfwots.—Long, thick and rough ; colour mostly green witli dark purple 
bands on nodes and streaks, on intornodes pubescence downy p intemodes. 
short ; tendrils medium to long, hi- or trifid, pubescent and interniittent ; tips 
of growing shoots yellowish green, pubescent ; unfolding leaves, yellowish 
green with pink margins, pubesoenoa on, both surfaces* 
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Canes , — Smoky on pnrple back-ground, round. 

Leaves , — Dark green on upper but light green on lower surface, thick and 
rough ; shape orbicular; pubescence downy on upper but felt-like on lower 
surface ; 3-lobed, petiolar sinus open, but lateral sinuses not very well marked; 
teeth in two series, small ones regularly alternating with large, broad and 
pointed ones ; terminal tooth long, narrow and pointed ; leaf nerves medium- 
thick, pinkish yellow and pubescent ; leaf stalk short, medium-thick, yellowisli 
green with purple shades and pubescent. 

Flowers. — ^Hermaphrodite, 

Characters of the bunch , — ^Peduncle medium-thick, medium-long, and 
tough with or without a lateral bunch ; bunches medium or large-sized, long, 
pyramidal, single or divided, loose or compact; ripening even ; pedicel 
thin, long and warty ; berries large or medium-sized, shape spherical ; skin 
dark purple with blue bloom, thick and leathery ; berry content separates 
in a mass from the skin, juicy, sweet and of distinct and good flavour ; very 
good quality ; seeds well developed, 1 to 3 per berry, 

A medium cropper ; ripens from the middle of June to the middle of 
July. 


Black Prince {Calif .) 

Vines. — ^Very vigorous. 

Shoots, — Thick, long, rough ; dark purple sliades or streaks on green; 
pubescence densely woolly ; internodes medium -long ; tendrils long, tri- 
tetra or pentafid, strongly pubescent, intermittent ; tips of growing shoots 
brownish green ; young leaves greenish white, margin red. 

Canes, — Smoky on purple back-ground, round. 

Dark green on upper but light green on l(n\er surface, medium, 
slightly rough; shape cuneiform; pubescence downy on both surfaces; 
5-lobed, petiolar sinus cup-shaped, other sinuses closed above but open below ; 
teeth either narrow or broad ; terminal tooth long, narrow and broad ; nerves 
thin, greenish yellow with pink dots on lower surface but purple near their 
point of origin on upper surface, pubescent ; stalk thick, flattened, dark 
purple with green streaks ; slightly pubescent. 

.—Hermaphrodite . 

Characters of the bunch. — Peduncle long, thick, tough ; bunches usually 
large, long, pyramidal, single, fairly compact ; ripening fairly even ; pedicel 
thick, medium-long and warty; berries medium or large-sized, spherical; 
skin of hght purple colour with blue bloom thick and leathery ; berry content 
firm, melting and sweet, quality good ; seed brownish green, well-developed, 
2-4 per berry. 

A medium cropper ; ripens from the end of June to the end of July. 

Black Hamburg 

Vines, — ^Vigorous. 

Shoots. — ^Medium thick, long, rough ; colour green; pubescence cob- 
webby ; internodes short ; tendrils medium-long, slightly pubescent, trifid, 
intermittent ; tips of growing shoots yellowish green; unfolding leaves 
greenish yellow, margin pink, pubescence on both surfaces. 

Purple, angular. 
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Leaves. —Davk green on upper surface but light green on lower one, thick 
and rougli ; shape cuneiform ; pubscence downy on upper but felt-like on 
lower surface ; 5-lobed, petiolar sinus well marked, cup-sliaped, others well 
marked, IT-shaped ; teeth large, narrow and pointed ; terminal tooth verv 
narrow, long and pointed ; nerves thick, gi-eciiish y(dlow with pink dots, 
strtmgly pubescent ; stalk medium-thick, medium-long, dark piirpic shafics 
mixed with yellowish green, almo-st glalmnis. 

Flowers. — Hermaphrodite. 

Characters of the hunch. — Peduneie medium-long, 
bunches medium or large-sized, long, pjM’amidal, single 
ing even ; pedicel thin, long ami vv'arty ; berries i 
spherical or short oval ; s ’ ' ^ / 

and leathery ; berry content separates in 
than Black Prince 
Prince ; seed dark-br 

A medium to heay 
end of July. 

Buckland’s Stvent Water 

Vines. — Medium vigour. 

Shoots. Medium-thick, medium-long, rough ; colour mostly green bu 
dark purple lines also ; pubescence downy ; internodes short ; tendrils 
pubescent medium-long, tnfid, intermittent ; tips of gwiwing shoots greenisl 
yeUow with brown shades ; yoimj? leaves greenisl. vellow. margin pinkish 
pubescence on both surfaces. ' fe r 

cular^ wHghtly .smoky on one- side, prominently an 

Leaves.-mik green above but light green lieJow, thick, and rough 
shape orbicular ; glabrous on both surfaces ; 5-lobcd ; all .sinuse.s well marked 
teeth broad and iiointed ; terminal tooth narrow and pointed ; nerves thin 
Slightly pubescent, colour greenish ycUow adth pink dot.s : stalk siiort thin 
slightly pubescent, colour light greim with pink shudi-.s. 

Flowers, — Hermaphrodite. • 

huiuSsTfr medium-tliick and tough: 

bumhes mefimm to large-sized, long, pyramidal, diviiled, usuallv loose- 

2emng even; pedicel long, thick, warty; bm-ri.’s .neilium to i;ic:.Sd; 
shoit oval or spherical; skm gi-eemsh yellow or pinki.sli vcilow, medium- 

Jd %'ht b'E, s‘“i ; 

A medium cropper ; ripens from the middle of June to 


r loose ; ripen 

, . - , - or large-sized 

skill jiurple or dark puriilc with blue bloom, thick 
i a mass from the skin, more juie\ 
sweet but flavour not as distinct as in tiie ca.se of Black 

■own, well-developed, 1-2 per berry. 

y cropper; ripens from the 3rd week of.luue to ihe 


Chah 45 Q. B. 

Vines. ~Yery vigorous. 

jS/ioote. ihick, long and rough ; dark purple lin 
woolly ; mternodes medium-long ; tendrils short, hi 
mittent ; tips ot growing shoots brownish yellow • u 
greeip margin pinkish, pubescence on both surfaces. 

Canes . — ^Light brown, angular, thick. 
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Leaves, — Dark green on upper surface but light green on lower one, 
medium-thick ; shape orbicular ; almost glabrous on both surfaces ; 5-lobed, 
petiolar sinus closed above but open below, other sinuses marked, U-shaped ; 
teeth small or large, narrow ; terminal tooth broad and pointed; nerves 
thi(k, pubescent, greenish yellow with pink shades ; stalk short, thick, slightly 
piihesceiit, colour dark purple with creamy yellow shades. 

Flowers, — Hermaphrodite. 

Ghamcters of the Peduncle long, thin and tough ; bunches small, 

short, loose, single ; ripening even : pedicel long, thick and warty ; berries 
large-sized, cylindrical; skin yellowish green with white bloom, thick and 
cracking ; berry content pulpy, firm and mild sweet ; seed dark brown, U2 
per berry. 

A light cropper ; ripens about the end of July or the beginning of August. 

Chasselas Rose 

Vines. — Poor vigour. 

Shoots. — Thin, short to medium-long, rough ; greenish yellow ; pubes- 
cence downy ; internodes short ; tendrils short, trifid, pubescent, inter- 
mittent ; tips of growing shoots brownish green with purple colour at the 
nodes ; unfolding leaves reddish green, margin red, pubescence woolly on both 
surfaces. 

Canes. — Brown on one side and greyish yellow on the other, round. 

Leaves. — Dark green on upper surface but light green on lower one, thick ; 
shape orbicular ; pubescence downy on lower surface but glabrous on upper 
one; 5-lobed, all sinuses well marked, V-shaped ; teeth broad, rounded at 
the top and pointed ; terminal tooth narrow and pointed ; nerves thin, 
purple near tlieir point of origin but purplish green above, pubescent ; stalk 
short, thin, pubescent, colour yellowish green with pink shades. 

Flowers. — Hermaphrodite. 

Characters of the bunch . — Peduncle short, thin or medium -thick, tough; 
bunches small to medium-sized, long, shouldered, pyramidal, single, generally 
compact ; ripening fairly uniform ; pedicel short, medium-thick and warty ; 
berries small to medium-sized, spherical ; skin pink or pinkish green, thick, 
leathery ; berry content slightly pulpy, melting and sweet, flavour good ; 
seed dark brown, flattened shape, generally two per berry. 

A light to medium cropper ; ripens from the middle of June to the 3rd 
week of July. 

Ghaouch 

Vines. — ^Very vigorous. 

Shoots.— Thicks very long, rough ; colour dark purple; pubescence 
strongly woolly ; internodes long ; tendrils long, strongly pubescent, bifid, 
intermittent; tips of growing shoots brownish green; young leaves appear 
paper white on both surfaces due to strong pubescence, margin deep-red. 

Canes. — ^Purple, round, pubescence persisting. 

Leaves.— Green above but appear greenish white on lower surface due to 
strong pubescence, margin red ; shape cuneiform ; pubescence downy on 
upper but felt-like on lower surface ; 5-lobed, all sinuses well marked ; teeth 
either nai‘r()w or broad ; terminal tootli long, narrow and pointed, nerves 
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thick, dark purple near their point of origin -biit greeniBli. yellow alKjve, strongly 
woolly ; stalk foiiiy long, thick, deep purple, strongly pnl)escent. 

Flowers,- Hermaphrodite. 

Oharaeters of the. fiimek—d^ediincle slKnt, thick lough ; hiiiu'hes giuicunlly 
large-siml, long, shouldered,:' pyramklah single, (‘oi it pact ; ripening fairly 
even ; pedicel short, thiedv and warty ; berries Iarge-si7.i*d generail^n slightly 
oval; skin yellowish green, medimndhi<k, (wac-king ; herr\ conieiil sedk 
juicy, mild sweet ; seed brownish yellow, well deYC‘Iopi‘d, :i tc^ 4 pci' hcuiy. 

A medium to heavy cropper; ripens from tlie middle of June to tlm 
beginning of July. 

Cormekon 

Vines , — Vigorous. 

Shoots, — Medium-thick, medinmJong and remgh ; colour yellowisli green 
with purple shades on the npper surface ; pubescence eol>wehl)y : internodc's 
medium-long ; tendrils long, trifid, slightly puhesceni, intermittent : tips of 
growing shoots light green, pubescent ; unlblding ieinc^s yc*llowisl} green, 
margin green, strongly pubescent on upper surface. 

Ganes, — Smoky on purple back ground, angular. 

Leaves, — Dark green on upper i)Ut light green on lower .surfurc. thick and 
rough ; shape orbicular ; glabrous on hotli surfaces : oJohtah all simis<*s 
well marked ; teeth mostly narrow and pointed ; leaf nerv(‘s tiuc'k, pinkish 
yellow, downy ])uhescence on both surfat'cs ; k^af sDdk medium pink 

vshades on green, slightly pubescent. 

Flowers . — Hermaphrodite: 

Gharaciers of the hmch.—Pedmide sliorl. mtsliiim thick and tcmgli : 
bunches medium -sixed, broad, divided, loose and' uiun'cii ; p(*diccl kmg, thick 
and warty ; berries medium -sized, long, ovoid ; skin pink, thi(‘k and heathery : 
berry content piiply, with flat taste ; seeds dark brown. 245 per berry. 

A very light cropper ; ripens about 

. Oipro Nero . ■ 

Vi?ies, — Very vigorous. 

Shoots, ~TMdk, long, rough ; colour dark purple ha\'ing yellowisfi green 
streaks or patches ; pubescenee downy ; internodes medium Jong : tendrils 
long, trifid, pubescent, diBContinuouB ; tips of growing slu, kJh brownish 
green; young leaves yellowish green, margin pink, pubescenee on both sur- 
faces. ’ : 

(7(Xwe^.—Pixrple,' angular.- ' . , . . 

Leaves, — Dark green on upper but light green on knver surface, thick, 
rough; shape cuneiform; pubescence downy on both suifaees ; 5-Iol>ed. 
fxetiolar sinus well marked, cup-shaped, other sinuHCs also well marked ; 
teeth broad or very broad, terminal tooth also hmj^rl IMcI'VPM /‘WaHrlTf irAllAti' 
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colour of berrieB does not change uniformly ; pedicel, medium-long, medium- 
thick and warty ; berries medium-sized, oval; skin light purple or purple, 
thick and cracking; berry content melting and sweet; flavour pleasant ; 
seeds dark brown, 2-3 per berry. 

A light cropper ; lipens about the middle of July. 

Dalch 

Vines. — Very vigorous. 

Shoots. — Long, thick and rough ; colour dark purple, pubescence woolly ; 
internodes medium-long ; tendrils medium-long, strongly woolly, bifid and 
intermittent; tips of growing shoots brownish green, densely pubescent, 
unfolding leaves greenish yellow with red margins, pubescence woolly. 

Brown on one side and greyish yellow on the other, angular. 

Leaves.— T)Bx'k green on the upper surface but light green below, thick 
and rough ; shape orbicular, downy on the upper but felt-like on the lower 
surface ; 5-lobed, petiolar sinus closed above but open below, lateral sinuses 
open, U-shaped, basal sinuses slightly open ; teeth narrow, long and pointed, 
small and large ones irregularly alternating ; terminal tooth very long, narrow 
and pointed ; leaf nerves densely pubescent, medium-thick, purple on both 
sides — the intensity of colour decreasing towards the apex ; leaf stalk thin 
short and dark j)urple, pubescence downy. 

.—Hermaphrodite . 

Characters of the bunch. — Peduncle short, thick and tough ; bunches 
medium, long, pyramidal, single or divided, compact and even ; pedicel short, 
thick and warty; berries medium-sized, usually spherical, skin black with 
blue bloom, thick and leathery ; berry content juicy and fairly acidic ; seeds 
2-3 per berry, but sometimes more. 

A very heavy bearing variety, good for juice making ; ripens from the 
third week of June to the third week of July. 

Bamas Rose 

Vines. — ^Very vigorous. 

Shoots. — -Medium -thick, long and rough; bluish -red lines on green; 
pubescence cobwebby; internodes medium -long ; tendrils medium-long, 
trifid, pubescent, intermittent ; tips of growing shoots reddish green, pubes- 
cent ; unfolding leaves yellowish green, margin light pink, dense pubescence 
on both surfaces. 

Canes.— brown but slightly smoky on one side, prominently 
angular. ■ ■ ■ ■ ■ 

Leaves. — Dark green on upper but light green on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface ; 5-lobed, all sinuses well marked ; teeth in two series, small and large 
ones irregularly alternating, terminal tooth broad and pointed ; nerves 
medium "thick, greenish-yellow with light pink shades ; leaf stalk short and 
thick, colour comprises mixed light purple and yellowish green shades, slightly 
pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-thick, medium-long and 
fairly tough: bunches medium or large-sized, pyramidal, single and fairly 
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compact ; ripeniiig' fairly; even ; pedicel- JBacllain4orig, thick and warty; 
■beaTiej=^ large-si7Ad“larger' than' all other varieties: shaf»e Bplunical ; Bldii 
light rose coloured, inediiim-thiek and cracking : hcf'r\' content a bit tirnn 
melting juicy and aweet quality good seedB 2-5 per Ijerry biif- not well- 
developed. 

A light to nmdium jarq^pef ; ripens from the mid^lle of duly to the first 
week of August. 

, Damigm . 

Fines, — ^Very vigorous. 

Shoots. — Thick, long, rough; colour dark pm‘ple in pat<d)os or lines on 
green ; pubescence cobwebby ; internodes long ; teiidriLs long, irilid, ]>uhes- 
cent, intermittent ; tips of growing shoots reddish or brownish green ; yemng 
leaves yellowisii green, margin purple, pubescent. 

Canes, — Brown on one side and greyish yellow on tlic other, angular. 

Leaves, — Dark purple on upper but light green on under surface, thick ; 
shape cuneiform, almost glabrous on both surfaces, 5-lobed, petiolar sinus 
cup-shaped and other sinuses open and well-marked ; tc^etli broad and imrimv ; 
terminal tooth long, narrow and ])ointed ; nerves thick, yellowisii green, 
slightly pubescent ; stalk short, thick, greenish y(dlt>w with pink dots, almost 
glabrous. 

Flowers, — Hermaphrodite. 

Characters of the bunch , — Fed uncle short, thi<ds and fairly brittle ; bunches 
medium or large-sized, short or long, })yrainidaL single, fairly compact : 
ripening fairly uneven ; pedietd nH*dium-long, m(Nliuni-t liiek and warty ; 
berries medium to large-sized, s])heri<*a1 ; skin light, fu’uk to dark purple, 
thick and cracking ; berry content a })i1 firm, rmdiing am! sweet ; .seeds dark 
brown, 2-3 per berry. 

A light to medium cropper ; ripens in the nnmth rdMuly. 

./)? mn ovd Jn hilec 

Vines, — Vigorous. 

Shoots . — Medium-long, thick, angular and rough ; (*olour dark purple, 
pubescence wooly ; internodes medium-long ; ieiKlrils short, wooly, mostly 
bifid, intermittent ; tips of growing shoots purple wdih dense pubescence ; 
unfolding leaves light purple offering white shade due to dense piibes<?encc, 
margin pink. 

Canes. — Brown on one side and greyish yellow on the other, angubir. 

Leaves. — Dark green on upper surface but light green on lower <me, 
thick and rough ; shape orbicular ; pubescence downy on upj[>er but felt- 
like on the lower surface ; 5-Iobed, petiolar sinus closed above due to basal 
lobes but prominent, other sinuses less marked ; teeth in two series— small 
ones alternating wdth big, broad, rounded ones ; leaf nerves prominent on 
lower surface, densely pubescent, colour creamy yellow but red near their 
point of origin upto a length of about half an inch ; leaf stalk reddish purple, 
short, thick and pubescent. 

Flov?ers , — Hermaphrodite. 

Ohuraeters of the bunch . — PeduneJe mediunnlong, t.hi<tk and brittle ; 
bunches small to medium-siigad, short or long, mostly divided, loose and even ; 
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pedicel long, thick and warty ; berries large, short oval or splierical ; skin 
inediuni -thick, black with blue bloom, cracking ; berry content firm, pulpy, 
insipid ; quality poor ; seeds two to three per berry, well developed and of 
green colour. 

; A medium cropper ; ripens from the begiiming to the end of July. 

Dizmar 

Vines. — Vigoroixs. 

Shoots. — Thick, long and smooth ; dark purple lines on green; pubes- 
cence (lowny ,• intornodes medium-long ; tendrils medium-long, trifid, pubes- 
cent, discontinu(ius ; tips of growing shoots purplish green ; unfolding leaves 
greenish yellow ofreriug pink shade, margin pink, pubcjscoiit on both sur- 
faces. 

Oanes . — Light brown, angular. 

Leaves . — Dark green on upper but light green on lower surface, thick 
and rough; sliape orbicular; leaves glabrous on upper surface but downy 
on lower one ; 5-lobed, petiolar sinus open, other sinuses also well marked; teeth 
broad or very broad, terminal tooth narrow; nerves thin, colour creamy 
yellow with pink shades, slightly pubescent ; petiole purple with green shades, 
thin, short, slightly pubescent. ^ 

Flowers . — Hermaphrodite. 

Characters of the bunch. — Peduncle long, thhi and tough ; bunches medium- 
sized, long, pyramidal, single, loose ; ripening even ; pedicel medium -long, 
medium-thick, warty ; berries medium-sized, oval ; skin pinkish or brownish 
yellow, thick and cracking ; berry content quite firm, pulpy and sweet ; 
seed brown, 1-2 per berry. 

A light cropper; ripens from the middle of June to the beginning of 
July. 

Doite-de-dessie 

Vines. — Of medium vigour. 

Shoots, rhick, medium -long, rough ; colour green ; cob- 

w ebby ; internodes medium-long ; tendrils sliort, trifid, slightly pubescent, 
discontinuous ; tips of growing shoots greenish yellow ; unfolding leaves 
greenish yellow, margin red, pubescent on both vsurfaces. 

—Light brown but slightly smoky on one side, prominently an- 
gular. 

Leaves. Dark green on upper but light green on lower vSiirface thick and 
rough ; shape cuneiform ; almost glabrous ; o-lobed, all sinuses well marked ; 
teeth narrow or broad, long and pointed ; terminal tootli very long, narrow 
and pointed ; nerves thick, creamy yellow with pink shades, pubescent ; 
stalk short, thick, yellowish green with pink shades, slightly pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle medium -long, medium-thick, brittle ; 
imnehes medium, short, single or divided, fairly loose, oven ; pedicel long 
thick and warty ; berries medium or large, obovate, skin greenish yellow 
with white bloom, thick and brittle ; berry content pulpy, firm and sweet, 
good flavour ; fairly good quality ; seeds small, dark brown, 1-2 per berry. 

A very light cropper ; ripens about the end of July. 


I 
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Fakadi 

f^metV.—Veiy vigorouH/ 

Mhoof^\ — thick, long, rough ; dark |)ur|>lc linen an green ; jnibcHcerut^ 
woolly ; iutemodes niediuni-long ; tendrils long, hi- or Irihbl, |)u!x%s(‘en1, inier- 
uiitteiit ; tips of growing Blioots yellowish green ; unfolding leav'cs yellowish 
green, margin red, pubescence on both surfaces. 

Canes. — Purple, angular. 

Leaves. — DaiE green above, but iigiit green on the lower surfiu^cu thin : 
shape orbicular : {)uhescence downy on upp<u‘ surfac'C but glabrous on lf)\vcr 
surface; iMobed, petiolar siruis well marked, lateral siiutHes less niarkaa! : 
small teeth regularly alternating with large, brc^ad and pointed ones ; terminal 
tooth narrow and pointed ; nerves thin, greenish yellow with pink dots, 
pubescent; stalk short, tldti, light purple vith gr(s*n shades, slightly |)uhes" 
cent. 

Flowers. — Heriiiaphrodite. 

Characters of the hunch. — Peduncle long, tldek and brittle; bunelies 
usually large-sized, long, pyramidal, single, vcuy looser ; ripening uniform ; 
short berries found in almowst every biineh ; |.)edi(‘(d long, medium-tlnek ancl 
warty; berries medium-sized, oval ; skin yellowish green, thick and crack- 
ing; berry content juicy, mild sweet, no tiavour ; seed dark brown, small 
sized, 2-4 per berry. 

A heavy cropper ; ripens from the' beginning to tlie end of July, 

Foster^s 8eedUng 

Fm6^.“0f poor to medhn^^ 

Medium -thick,, short to medium-ioiig, rough; colour mostly 
green but sometimes dark purple bands on nodes and lines on internodes; 
almost glabrous ; internodes medium-long ; tendrils medium-long, l)ifi<i, 
almost glabrous, intermittent ; tips of growing shoots grcetiish yelkjw, un- 
folding leaves pinkish green, margin green, luy pubescence. 

Canes . — Purple, roum 1 . 

Leaves. — Dark green on upper but ligiit green on luwtn* surface, thick 
and roiigli ; shape orbicular; almost glabrous on hoik surfaces; 3-lobed, 
petiolar sinus almost closed, lateral sinuses slightly marked ; teeth stnall or 
large, broad, remnded ; terminal tooth long and narrow ; nerves medium- 
thick, pinkish yellow, pubescent on lower surface ; stalk long, thick, slightly 
I)ubescent, colour yellowish green with purple shades. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle medium-long, thick, fairly brittle ; 
bunches medium or large-sized, long, pyramidal, generally single, loose, shot 
berries in the hunch characteristic of the variety ; ripening fairly even ; 
pedicel lung, medium-thick, warty ; berries medium-sized, spherical ; skin 
yellowish green, thick, leathery ; berry content firm, slightly pulpy but 
melting ; very sweet, excellent flavour ; one of the best varieties' under 
trial ; seed dark l)rown, 2-4 per berry. 

A medium to heavy cropper ; ripens from the mitldio of Juno to the 
beginning of July* 
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I Qatah 

F'me^\-™Veiy vigoro^^^ 

: Shoots. — ^Thiok, long, rough ; colour bluish red and green mixed in 

I patches ; pubescence cobwebby ; internodes medium-long ; tendrils pubes- 

; cent, medium-long ; bifid, intermittent ; tips of growing shoots green ; 

young leaves greenish yellow, margins reddish green but sinuses red tinged, 
i pubescent. 

i Canes. — Light brown but slightly smoky on one side, prominently an- 

\ gular. 

Leaves. — Dark green on upper but light green on lower surface, medium - 
thick ixnd rough ; siiape ciineiform ; almost glabrous on both surfaces ; 

: 5-lobed, petiolar sinus open and well rnarked but lateral and baisal sin\is(‘S 

; not well marked ; teeth large, broad, rounded and pointed; termnal tooth 

I broad, rounded and pohited ; nerves thin, greenish yellow, slightly pubescent, 

; lateral nerves red near their origin ; stalk short, thick, pink, slightly pubes- 

i cent. 

j Flowers. — Hermaphrodite. 

j Characters of the bunch. — Peduncle short, thick, fairly brittle ; bunches 

; medium, short, pyramidal, single, fairly loose, even ; pedicel short, thick and 

! warty ; berries medium-sized, spherical with deep depression at stigma-end 

that changes the shape to irregular ; skin thick, cracking and of pale yellow 
colour ; berry content a bit firm, melting and sweet, hollow around the seed ; 

: seeds brown, 1-2 per berry. 

? A very hght cropper ; ripens about the middle of July. 

I 

Qros Golman 

t Vines. — ^Vigorous. 

i SAoois.-Medium-long, medium-thick and rough ; growing habit erect ; 

colour purple; pu escence wooly ; intemodes long; tendrils long, bifid, 

; strongly pubescent and intermittent ; tips of growing shoots light purple to 

; broumish and densely pubescent ; unfolding leaves appearing white due to 

dense pubescence, margins light green. 

; Gatm. — Smoky on purple back-ground, round. 

Leaves. — Dark green on upper but light green looking whitish due to 
pubescence on lower surface, thick and rough ; shape orbicular ; ptibescenoc 
on both surfaces, downy above but felt-like below ; 3-lobed or almost entin^, 
petiolar sinus closed above by basal lobes but open below, other sinuses not 
marked ; teeth slightly narrow, rounded and pointed ; terminal tooth narrow 
but round and pointed above ; nerves creamy yellow in colour, prominejit, 
chick and strongly pubescent ; second lateral nerves red upto the point from 
where tertiary nerves arise out of them : leaf stalk short, thick, light purj)ie 
and pubescent. 

Flowers. — Hermaphrodite. 

Characters of the. bunch. — ^Peduncle medium-long, thin and fairly tough ; 
bunches small, short, loose and single ; ripening fairly even ; pedicel short, 
thick and warty; berries medium to large-sized; shape spherical; skin 
thick, cracking and dark purple chan^g to bluish black ; berry content 
firm and sweet ; seeds 3-4 per berry and well developed. 
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A DUHliuin t(.) heavy cropper ; ripens froiii the thirci weel 
2ih’I week of August. 


Vines. — Poor to uiedmm iii vigour. 

Shoots. --medimxi-lmgi medium-thick and lough ; colour hrownisli 
yellow; pubescence cobwebby; internodcs medium-long; temlrils smali. 
MM, pubescent and intermittent; tips of growing shools yellowisli grcein 
slightl pubescent : unfolding leavi^s greenish yc^ilow. f)ubi>ramt on hotfj 
surfaces, margin pink. 

(lanes. — Smoky on purple back-ground, roinul. 

Leaves. — Dark green On upper but light gn‘en on uiuku' hurfaee. tliin and 
rough. ; sliaf)c orbicular ; pubescence downy on upper but feltdik<‘ on lowcu' 
surfaces; 5-lobed, ])etiolar sinus closed abcA’t* by basal lobes biit <*pen Inflow, 
basal sinuses less marked than lateml ones ; teetJi narrcnv aiid pointed, small 
and big ones irieguiarly armoged, terminal tooth long, very narrow and 
pointed ; nerves thin, I)rowniBh pale green, strongly pubi\NC'ent, main and 
lateral nerves changing red at their tips ; leafstalk gretmisli yelknv with pink 
shades, short, medium and pubescent. 

Flowers. — Hermaphrodite. 

Characters of the buncJL—PedmiQle nuMliiim-thick and tough; 

bunches medium to large-sized, long, pyramidaL single, fairly compact; 
ripening fairly even ; pedicel long, thin and warty ; l>erries medium to large v 
sized, spherical ; skin dark purple changing black, thin ami heathery ; berry 
content separating in a mass from the skin, a bit acidic ; quality fair ; seeds 
2-3 per berry. 

. A medium ■■ cropper ripens from the middle' of dune, to the middle 'uf 

July. 

Green lAirge Seeded 

Vines. — ^Vigorous. 

—Thick, long and rough ; dark purple lines on greeii ; pubescenca.* 
cobwebby; internodes medium-long; tendrils ?ne<fium-long, bifid, slightly 
pubescent, intermittent; tips of grenviug shoots brownish gi*een ; unfohiing 
leaves yellowish green, margin pink, slightly \mhosvvni. 

Canes. --Light brown, angular. 

Lemm.--l>nTk green on upper surface but light gr<‘<‘n mi lower ono, 
thin and soft ; shape orbicular ; no pubeseenc(‘ on (uthcr surfact^ ; 5-lobed ; 
teeth narrow, small and big ones irregularly aiLumating ; terminal tooth long, 
narrow and pointed; nerves medium-thick, greenish yellow' with pink <lots, 
slightly pubescent ; stalk medium-thick, short, <*(>lour yellowish gr<;en with 
pink shades, glabrous. 

Flotvers . — Hermaphrodite . 

Characters of the -.IVlunc e short or medium J<mg, ifuck and 

brittle ; bunches medium to large-sizcHl, long, pynimidai, singks fairly com- 
pact ; ripening uniform; pedicel short, thick, \vart.y ; !>erries large-sized, 
long oval ; skin yellowish green, medium-thick, cracking ; l)erry content a 
bit firm, melting and sweet ; seed colour brown, size well developed, 21- 
per berry* 

A very light cropper ; rii^ns abo#, the second week of July. 


- 



GRAPE VINE varieties 


Oujranwala 

Vines, — ^Vigorous. 

Shoots.- ^Long, thick, rough ; colour green ; pubescence wooly ; inter- 
nodes medium-long ; tendrils medium-long, bifid or trifid, pubescent, inter- 
mittent ; tips of growing shoots yellowish green ; unfolding leaves greenish 
yellow, margin pinkish, pubescence on both surfaces. 

Canes. — Purplish, angular. 

Leaves. — Light green on upper surface but yellowish green on lower one, 
thick and rough ; shape orbicular ; glabrous on both surfaces ; 5-lobed, 
petiolar sinus closed above but open below, basal sinuses less marked, V- 
shaped, lateral sinuses open, U-shaped ; teeth large, broad, rounded and 
pointed ; terminal tooth long, narrow and pointed ; leaf nerves thin, slightly 
pubescent, pinkish yellow ; stalls short, thin, pinkish yellow, almost glabrous. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-long, medium-thick, tough ; 
bunches small or medium-sized, single, very loose ; ripening uniform ; pedicel 
long, thick and warty ; berries large-sized, cylindrical; skin thin, yellow; 
berry content slightly pulpy melting and sweet ; flavour not marked : seed 


Shoots. Thick, long and rough ; colour mostly dark purple ; pubescence 
cobwebby ; internodes medium-long ; tendrils medium-long, bi- or trifid 
slightly pubescent, intermittent ; tips of growing shoots greenish purple ; 
young leaves brownish green with deep red margins, slightly pubescent. 

Canes. Light brown but slightly smoky on one side, prominently an- 
gular. 

Leaves.— Behik green on upper but light green on lower surface, thin, 
rough ; shape cuneiform ; pubescence downy on upper but felt-like on lower 
surface ; 3-lobed, petiolar sinus well marked, open and cup-shaped, lateral 
sinuses V-shaped, basal sinuses very slightly marked ; teeth irregularly alter- 
nating, mostly broad, rounded and pointed, terminal tooth medium or broad 
and pointed ; nerves thin, greenish yellow, felt-like pubescence on lower 
surface, lateral nerves purple near their point of origin; stalk short, thin, 
dark purple, not pubescent to the unaided eye. 

Flowers — Hermaphrodite. 

Characters of the bitnch.— Peduncle long, thick and tough ; bunches 
medium or large-sized, long or broad, shouldered, usually single, fairly com- 
pact ; ripening even; pedicel long, thick and warty; berries medium to 
large-sized, short oval ; skin thin, cracking, of greenish yellow colour on which 
reddish brown shades develop ; berry content a bit firm, melting, sweet 
and of good flavour ; seeds well developed, of brownish yeUow colour^ 1-? 
per ll)eiTy. 

A medium cropper ; ripens about the middle of July, 
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Hmsaini Black Kalmli 
; , Vims,— Yeiy mgoTom, , 

8'hools,~Shick, IoB.g and rough ; dark purple^ grooii ; pllh(^s- 

cence woolly; internodes medium -long ; Gmdrils fnefliinnlong, pulHsemst, 
bi- or trifid, intermittent ; tips of grooving sboeJs y<^l!owish greenn pulesceiit ; 
unfolding leaves yellowfali green with pitik niargiin while shade iin liolh sur- 
faces due to dense pubescence, changing piu-ple iai(*r. 

Oanes , — Light brown but slightly smoky on rme side, promimmtly an- 
gular. 

Leaves,— Ddi^fk green on upper but light green on hnvm* sj rfac.'e, thick and 
rough; shape cuneiform to orbicular ; pubescence downy on uj^peu* hut 
felt-like on lower surface ; leaves without lol)es })ut soin(*timc‘s one or both 
lateral sinuses develop ; teeth in two series, sinall ones albu’nating with trigger 
ones, narrow or broad but are generally narrow ; leaf iifu’vcs inedium-thiek, 
pinkish-yellow with green shades and piib(‘.sccnl, seeoufl latru'al iier%"es of 
purple colour on both surfaces upto the point wliere tertiary luu-ves arise; 
leaf-stalks thick, pubescent and have purple and greum shades mi them. 

— “Hermaplirodite . 

Charackrs of Pech medium-long, thick ami tough; 

bunches medium -sized usually, long or short, divided, fairly looser and uneven ; 
pedicel short, thick and warty ; berries large an<i s}>hf;‘riea! : skin Hack with 
blue bloom, thick and cracking ; berry conttmt firm, pulpy and ^wwi ; fpudity 
fair ; seed content 2-3 per berry, colour liglit tirown. 

A light to medium cropper ; ripens from the end of June to the end of 
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Jaishi 

Vines. — Vigorous. 

5%ooie<?.™~Thick, long and rough ; colour dark purple on upper but green 
on lower surface ; pubescence woolly ; intarnodes long ; tendrils very long, 
bi" or trifid, woolly, intermittent ; tips of growing shoots greenish white, un- 
folding leaves yellowish green, margins dark -red, woolly. 

Canes . — Purple, angular, pubescence persisting. 

Leaves.— green on upper but light green on lower surface, thick and 
rough ; shape orbicular ; pubescence downy on upper but felt-like on lower 
surface; 5-lobed, petiolar sinus closed above but open below, basal sinuses 
V-shaped but lateral ones W-shaped ; small teeth regularly alternating with 
broad, rounded and pointed ones ; nerves thin, pinkish at the base, densely 
woolly; leaf stalk short, medium-thick, purplish, densely pubescent. 

Flower . — Hermaphrodite. 

Characters of the hunch. — ^Peduncle long, medium-thick and tough ; 
bunches medium to large-sized, long, shouldered, pyramidal, usually single, 
generally compact ; ripening fairly even ; pedicel medium-long, thick and 
warty ; berries medium-sized, oval ; skin greenish yellow on which brown 
shades develop, thick and cracking ; berry content juicy, a bit acidic ; quality 
inferior ; seeds of pinkish colour, usually i-2 per berry. 

A light to medium cropper ; ripens from the third week of June to the 
third w’^eek of July. 

Kali Sahebi 

Vines. — ^Vigorous. 

Shoots . — -Medium -thick, medium -long, rough ; dark purple streaks on 
green; pubescence cobwebby; internodes medium-long ; tendrills short, 
bi- or trifid, slightly pubescent, intermittent ; tips of growing shoots brownish 
yellow ; young leaves greenish yellow with red margins, slightly pubescent on 
both surfaces. 

Canes . — Purple, angular. 

Leaves . — Light green on upper but yellowish green on lower surface, 
thick, rough ; shape orbicular ; almost glabrous on both surfaces ; 5-lobed, 
petiolar sinus almost closed other sinuses well marked, U-shaped : teeth large, 
broad, rounded and pointed ; terminal tooth long, very narrow and pointed ; 
nerves medium, creamy yeUow with pink dots, slightly pubescent ; stalk short 
medium-thick, almost glabrous, creamy yeUow with purple shades. 

Flowers . — Hermaphrodite. 

Characters of the hunch . — Peduncle long, medium-thick, fairly brittle; 
bunches medium-sized, long, pyramidal, single, fairly loose; ripening fairly 
even ; pedicel long, medium-thick and warty ; berries large-sized, long (1-4 in.) ; 
shape irregular ; skin light purple, thin, cracking ; berry content firm, pulpy 
and sweet, flavour lacking ; seed colour brown, 1-2 well developed seeds per 
berry. 

A very light cropper ; ripens in the beginning of August. 

Kandhari 

Vines. — ^Very vigorous. 

Shoots . — Thick, long and rough ; colour light green ; pubescence cob- 
webby ; internodes medium-long ; tendrils long, slightly pubescent, bi- or 
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ti’ifid, intermittent ; tips of growing shoots brownish green ; unfolding leaves 
yellowish green, pubescent, margins pink. 

Canes. — Brown on one side and greyish white on the other, thick and 
vigorous. 

Leaves. — ^Dark green on upper but light green on lower siufaet', thick; 
.shape orbicular ; glabrous on both surfaces ; 5-lobed, basal sinuses ie.ss marked 
than others ; teeth large, broad and pointed ; terminal tooth narrow ; nerve.s 
thin, pubescent, yellowish green with pink shades, second laterals pinkish 
on both surfaces upto the point where the tertiary nerve.s arise ; stalk short, 
thick, greenish yellow, glabrous. 

Flowers. — ^Hermaphrodite. 

Characters of the bunch. — Peduncle long, thick and tough ; bunches 
usually large-sized, loose or compact, pyramidal, single ; ripening fairly 
even ; pedicel long, thich and warty ; berries big-sized, long-oval ; skin jmrple, 
thick and cracking ; berry content sweet ; seeds well developed, 2-3 j)er 
berry. 

A medium cropper ; ripens from the middle of J une to the middle of 
July. 

Kartilaska 

Vines . — Very vigorous. 

Shoots. — Thick, medium-long and rough ; dark purple lines on green back 
ground ; pubescence woolly ; internodes medium-long ; tendrils short, trihd, 
intermittent, strongly pubescent; tips of growing shoots reddisli green, look- 
ing white due to strong pubescence ; unfolding leaves reddish green, woolly, 
margins red. 

Canes. — ^Purple, angular, pubescence persistent. 

Leaves. — ^Dark green on upper but light green on under .surface, thick 
and rough ; shape orbicular ; pubescence downy on both upper and low-er 
surfaces ; 3-lobed, petiolar sinus well marked, U-.shaped, lateral sinuses also 
clear, U-shaped ; teeth broad and pointed, small and big ones irregularly 
alternating ; nerves medium-thick, strongly pubescent, second lateral nerves 
red near their point of origin, but greenish yellow with pink shades above ; 
stalk short, thick and pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium-thick and tough ; bunches 
raediun or large-sized, long, pyramidal, single, fairly compact ; ripening even ; 
pedicel long, medium thick and warty ; berries medium or large -sized, spheri- 
cal ; skin greenish yellow with white bloom, thick and cracking ; berry content 
firm, pulpy, mild sweet with no flavour, seeds of brown colour, 2-3 per berry. 

A light to medium cropper ; ripens from the second week of July to the 
beginning of August. 

KhaliU 

Vines. — Vigorous. 

Shoots, — ^Mostly thin, long, rough ; colour dark purple in patches or 
streaks on yellowish green ; pubescence downy on both surfaces ; intemodes 
medum-lon g ; tendrilk long, bifid, pubescent, intermittent ; tips of growing 
shoots brownish green, pubescent ; young leaves yellowish green margin 
pink, pubesceufc, 
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CWes— Smoky on one side and brown on the other, angular, bark peeling 

off. 

Leaves . — Dark green on upper' but light green on lower surface, thin, 
soft; shape cuneiform ; pubescence downy on both surfaces ; 5-lobed, petriolar 
sinus well marked, basal sinuses less marked than lateral ones ; nerves thin, 
greenish yellow with pink dots, pubescent ; stalk short, thin, dark purple, 
slightly pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch.— FedmiQle medium-long, thin, tough ; bunches 
small or mediun-sized, long, pyramidal, divided, loose, ripening even ; pedicel 
long, thin and smooth ; berries medium-sized, long-oval ; skin yellowish 
green with white bloom, thin and cracking; flesh soft, sweet but flavour 
not marked ; seed brownish yellow, 1-2 per berry. 

A light cropper ; ripens in the beginning of June. 


Kharimurat 

Vines. — ^Vigorous. 

Shoots.— Thick, medium-long, rough ; dark purple shades on green ; 
pubescence densely woolly ; internodes medium-long ; tendrils short, bi- or 
trifid, woolly, intermittent ; tips of growing shoots brownish green ; young 
unfolding leaves greenish yellow, pubescent on both surfaces, margin greenish 
yellow. 

Canes. — Brown on one side and greyish yellow on the other, angular. 

Leaves . — Dark green on upper but light green on low’^er surface, thick ; 
shape orbicular ; pubescence downy on lower surface but glabrous above; 
5-lobed, petiolar sinus closed above but open below ; basal sinuses less marked 
than lateral ones ; teeth narrow ; terminal tooth narrow and pointed ; nerves 
thin, greenish yellow with pink dots, pubescent ; stalk short, thin, purple 
coloured with light green shades, pubescent. 

Floioers. — Hermaphrodite. 

Characters of the Peduncle long, medium -thick, tough, bunches 

medium sized, long, cylindrical, loose ; pedicel long, thick and warty ; berries 
large-sized, long oval, spherical ; colour green ; berry content firm, pulpy 
and sweet but no flavour ; seed brownish yellow, 1-2 per berry. 

A light cropper ; ripens from the beginning to the end of July. 

Kishmish White 

Vines. — Vigorous. 

Shoots. — Thick, long, rough ; colour bluish red and green in patches : 
pubescence cobwebby or downy ; internodes medium-long ; tendrils medium • 
long, pubescent, bifid, intermittent ; tips of growing shoots yellowish green ; 
young leaves greenish yellow, margin tinted pink ; pubescent slightly. 

Canes . — Light brown but slightly smoky on one side, prominently 
angular. 

Leaves. — Dark green on upper but light green on lower surface, thick ; 
shape cuneiform ; almost glabrous ; 5-lobed, all sinuses equally well marked ; 
teeth broad, rounded and pointed ; terminal tooth narrow and pointed ; 
nerves greenish yellow with pink shades, pubescent ; stalk pink, short, thick, 
slightly pubescent. 
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Flowers, — Heniuipiirodite. 

0/iamclers of the hunch , — Peduncle inediiiin-loiijii;, thick and l)rittle, 
bunches niedi am-sized, long, shouldered, pyramidal, siiiglc, compact, even; 
pedicels short, thick and warty; berries medium -sized, oval; skin grc^enish 
yellow with brown or pink shades, tlun, cracking ; lunry content juicy, sweet 
and of good tlavour ; seeds well developed, brownish yellow, usually one per 
■berry.: ^ ^ \ . 

A light cropper ; ripens about the middle of Juihu 

Luglinga 

Vines , — Of poor vigour. 

Shoots, — Thin, short, rough ; colour green ; pul>es(‘<‘uc(? downy ; inter- 
nodes medium-long; tendrils short, pubeseejit, hi- or trilid, intermittent; 
tips of growing shoots reddish green ; young leaves greenish 3ndk)w offering 
pink sl)ades, margin red, slightly pubescent. 

Canes. — Smoky, round. 

Leaves,-— D^vk green on upper 1)iit light green on lower surface, thick, 
rough; shape coneiform ; pubescence downy on !)oth surfaces; r)-lol>ed, 
petiolar sinus very broad and open, basal .sinuses sliglOly inarked hut lateral 
ones well marked; teeth large, broad and poiuU‘d ; t<u‘minal tooth long, 
narrow and pointed ; nerves thin, greenish yellow ^vith pink siiades, woolly ; 
stalk short, thin, green and brown shades, .slightly p!ibes<,*ent. 

Flowers. — Hermaphrodite, 

Characters of the bunch . — Peduncle short, thi(*k and tougli ; bunches 
small, single, compact, shouldered ; ripening even ; pe<licels short, thick 
and warty ; berries medium-sized, short oval ; skin yellowish grccm with 
brown shades, medium-thick and cracking ; berry conttmt jui(*y and sweet ; 
berries yellowish brown, 1-3 per berry. 

A light cropper ; ripens about the middle of dune. 

Madeleine Angedne 

Vines , — Of medium vigour. 

Medium-thick, Jong, rough ; colour ])urple ; pnliesceme woolly ; 
internodes short; tendrils medium-long, bi- or trifid, wocdly, intermitten'i ; 
tips of growing shoots greenish purple changing entirely purple ; young halves 
yellowish green, margin tinted red, ])ubestence tm both surfa(*es. 

Canes. — Smoky, angular, bark peeling off. 

Leaves , — Dark green on upper but light green an lower surfaxe, tlii<*k 
and rough ; shape cuneiform ; pubescence feltdike on fjotb surfac^es ; ri-lobed, 
all sinuses well inarked and U-shaped ; teeth long, narrow and pointed ; ter- 
minal tooth long, very narrow and pointed ; nerves thin, strongly woolly, 
colour purplish green but purple near their point of origin ; stalk short, thin, 
dark purple, strongly pubescent. 

Hermaphrodite. 

Characters of the bunch , — Peduncle medium-long, medium-thick, tough ; 
bunches small to medium -sized, short, pyramidal, divided, loose ; ripening 
even ; pedieal short, tliick and warty ; berries medium-sized, spherical ; skin 
yellowish green, medium-thick and leathery ; berry content soft, melting, 
juicy ; berries translucent ; seed brownish yellow to light black, well developed, 
2-4 per bany 



A light to medium cropper ; ripens about the first week of June and 
the earliest ripening variety under trial. 


Madresfield Court 

Vines. — ^Very poor vigour. 

Shoots. — Thin or medium-thick, very short and rough ; bluish pinlr 
shades on green; pubescence woolly ; internodes short; tendrils very short, 
bifid, woolly and intermittent ; tips of growing shoots pinkish green, densely 
pubescent ; unfolding leaves yellowish white, densely pubescent on both 
sides. 

Canes. — Smoky, angular, pubescence persisting. 

Leaves. — Darker green on upper than on lower surface, thick and rough ; 
shape orbicular : pubescence downy on upper but felt-hke on lower surface , 
5-lobed, petiolar sinus closed above by basal lobes but prominently open 
below, other sinuses less marked and V-shaped ; teeth narrow, long and 
pointed; terminal tooth very narrow, long and pointed ; leaf nerves densely 
pubescent, red near their places of origin and of light green colour having 
pinkish tinge, leaf stalk short, red and woolly. 

Flowers. — Hermaphrodite. 

Characters of the bunch.— PedLWOQle short, thick, tough, without a lateral 
branch ; bunches small or medium-sized, short, pyramidal, single and com- 
pact ; uneven ripening is characteristic of this variety as greehr light purple 
and dark purple berries can be found in every bunch ; 'pedicel short, thick and 
warty ; berries light or dark purple, medium or large-sized ; shape oval, berry 
content firm, melting, very sweet and of excellent flavour ; seeds one to two 
per berry and of green colour. 

A light cropper ; ripens about the third week of July. 


Malaga 

Fiwes.— Vigorous . 

Shoots. — Thick, long and rough ; dark purple patches or lines on green ; 
pubescence %voolly ; internodes medium-long ; tendrils medium-long, pubes- 
cent, bi- or trifid, intermittent ; tips of growing shoots yellowish green with 
pink dots, pubescent ; unfolding leaves yellowish green, margin pink, pubes- 
cent. 

Caraes.— Light brown, angular. 

Learns. — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular ; pubescence downy on upper but felt-like on 
lower surface ; 5-lobed, aU sinuses well-marked, open, U-shaped ; teeth either 
broad or narrow, terminal tooth broad and pointed ; nerves medium-thick, 
creamy yellow with light pmk shades, strongly pubescent ; lateral nerves 
purple coloured near their point of origm ; leaf stalk short, medium-thick, 
light purple with green shades, pubescent. 

Floiver. — Hermaphrodite. 

Characters of the twrac/r— Peduncle long, thick and brittle ; bunches 
medium to large-sized, long, pyramidal, single, fairly compact ; ripening 
even; pedicel medium-long, thick and warty ; berries medium-sized, short 
oval ; skin greenish yellow, thick and cracking ; berry content pulpy, firm 
and fairly sweet ; seeds well developed, dark-brown coloured, 2-3 per berry. 
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A light to medium cropper ; ripens from the second week of July to the 
beginning of August. 

Mavron 

Vines. — ^Vigorous. 

Shoots. — ^Long, thick and rough ; dark purple patclies or linos ou gu-eii ; 
pubescence woolly; internodes long ; tendrils long, irifid, pubescent, disconti- 
nuous ; tips of growing shoots brownish green, young unfolding leaves purplish 
green, margin green, pubescent. 

Canes. — Smoky on one side and light brown on tlie other, angular, l)ark 
peeling off. 

Leaves. — ^Dark green on upper surface but light green on hnver one, thin, 
rough; shape orbicular ; pubescence downy on lower surface but glabrous 
on upper one; 3-lobed, petiolar sinus closed above but open below% basal sinuses 
non-existent, but lateral ones slightly marked ; teeth large*, ))road and pointed ; 
terminal tooth long, narrow and pointed; nerves thin, creamy yellow with 
pink shades, lateral nerves dark purple near their point of origin, ])ubescent ; 
stalk short, thin, dark purple with green shades, pubescent. 

jPlowers.— Hermaphrodite. 

Characters 0 / tte Awncli..— Peduncle medium-long, meduun-thiek and 
brittle ; bunches medium to large-sized, long, single, pyramidal, fairly loose ; 
ripening even ; pedicel medium-long, thin and warty ; berries small t(j medium- 
sized, short oval; skin greenish yellow, thick and cracking; berry content 
firm, pulpy and sweet ; quality fair ; seed bluish brown, w-ell developed, 2- 
3 per berry. 

A light to medium cropper ; ripens from the middle to the end of July. 

Muscat of Alexandria 

Vines. — Of medium vigour. 

Shoots. — ^Thick, short, rough, colour green ; puheseence woolly ; inier- 
nodes medium-long ; tips of growing shoots green ; young leaves appear 
white due to woolly pubescence, margin rcddisli ; tendrils long, jadtescuat., 
trifid or tetrafid, intermittent. 

Canes. — ^Light brown but slightly .smoky on one .side, prominently 
angular. 

Leaves. — Dark green on upper but light green on lower surfacug thick and 
rough ; shape cuneiform ; pubescence downy on upper but fclt-like (ui 
lower surface ; 5-lobed, petiolar sinus well marked but basal and laieral sinuses 
less marked, V-ahaped ; teeth large, narrow and point-ed ; terminal tooth 
long, narrow and pointed ; nerves thick, greenish yellow, red near tJieir origin, 
strongly pubescent on both surfaces ; stalk long, thick, pink, pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — ^Peduncle long, medium-thick, faii-ly tough ; 
bunches medium to large-sized, long, pyramidal, divided, loose ripening 
even; pedicel long, thick and warty; berries medium to large-isized, short- 
oval ; skin yellowish green, thick, cracking ; berry content a bit pulpy, melting, 
very sweet and of distinct muscat flavour ; quality good ; seed brownish 
green, 1-3 per berry. 

A light to medium cropper ; ripens from the beginning to the end of 



gmpe vine varieties 


Palomino 

Vigorous. 

Shoots, — ^Medium-thick, medmmJon^ and rough ; colour dark purple; 
pubescence wooll}^ ; internodes medium-long ; tendrils medium-long, trifid, 
woolly, intermittent ; tips of growing shoots brownish green, pubescent; 
unfolding leaves greenish yellow, margin pink, pubescence woolly. 

Ganes. — Smoky on one side and light brown on the other, angular, bark 
peeling off. 

Leaves, — ^Dark green on upper but light green on lower surface, thick 
and rough ; shape orHcular ; pubescence downy on upper but felt-like on lower 
surface; S-lobed ; all sinuses open and well marked; teeth either narrow 
or broad, small and large teeth irregularly alternating ; terminal tooth long, 
narrow and pointed ; leaf nerves medium-thick, greenish yellow having pink 
shades, strongly pubescent, aU nerves red near their point of origin on the 
surface of the leaf only ; leaf stalk medium-thick, short, dark purple 
with green streaks, pubescent. 

Flowers, — Hermaphrodite. 

Characters of the bunch, — ^Peduncle long, thick and brittle ; bunches 
medium or large-sized, long, pyramidal, divided, very loose ; ripening even ; 
pedicel long, thick and warty ; berries medium-sized, spherical ; skin yellow- 
ish gx’een, thick and cracking ; berry content sHghtly firm, melting and sweet ; 
quality good ; seeds of dark brown colour, 2-3 per berry. 

A medium to heavy cropper ; ripens from the end of June to the end of 


Pandhari Sahebi 

Vines. — Very vigorous. 

Shoots, — ^Thick, long and rough ; colour green or dark j)urple shades on 
green ; pubescence cobwebby ; internodes medium-long ; tendrils long, trifid, 
pubescent, intermittent ; tips of growing shoots brownish green ; unfolding 
leaves greenish yellow, margin pink, pubescent. 

Ganes, — Brown on one side and greyish white on the other, thick and 
vigorous. 

Leaves.— Ddijvk green on upper but light green on lower surface, thick ; 
shape orbicular ; slightly downy pubescence on upper surface but glabrous 
on lower one ; 5-lobed, petiolar sinus almost closed, lateral sinuses more 
marked than basal ones ; teeth large, broad, round and pointed ; terminal 
tooth broad, dome-shaped and pointed ; nerves thick, colour greenish yellow 
with pink shades or dots, pubescent ; stalk short, very thick, greenish yellow 
with pink shades, glabrous. 

Flowers, — Practically pistillate. 

Characters of the bunch, — Peduncle medium-long or short, thick and 
tough ; bunches medium or large-sized, appearance attractive due to attrac- 
tive colour of berries and compactness of bunches, long, pyramidal, single, 
compact ; ripening uniform ; pedicel long, thick and warty ; berries large- 
sized, long-oval ; skin yellow — ^with or without pink shades, thin, cracking ; 
berry contcTit firm, pulpy, sweet but flavour lacking ; seed dark brown, 1-2 
per berry. 
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_ A self-sterile variety, but medium to heavy cropper when .tu'cnvn with 
self fertile varieties ; ripens from the third week of June to the tiiird week of 
July. 


Pay Kam 

Fmes. — Vigorous. 

Shoots.—Long, thick, rough ; dark purjile lines on yreini ; piibescenee 
cobwebby; iuteniodes long ; tendrils mediutn-loug, bifid, sliuhfly pulM-seeni. 
intermittent ; tips of growing shoots brownish gresm ; voimg leavc's <n-eeni.sli 
yellow, margin pinkish, pubescent. ‘ o 


Cams . — Light brown, angular. 


i/ea«e.9.— Dark green on upper but light green oi! lower surface, thick • 
shape cuneiform ; glabrous on upper surface but slightly pnbes<-enf on lower 
one ; 5-lobed, petiolar sinus considerably open and conspiciKuis but basal and 
lateral sinuses less marked ; teeth broad or narrow, pointed : nei'ves thin 
greenish yellow, slightly pubescent ; stalk .simrt, thin, light green uith oink 
shades slightly pubescent. ^ 

Floivers. — Hermaphrodite. 

Characters oj the hunch.--Vednnde long, m(‘dium iidek and fah'h' 
tough; bunches iimlium to long, pyramidal, dividend, rlimnwr 

uneven ; pedicel long thick and warty ; berries la.gc, oval; skin yidlowish 
gieen, thick and cracking; berry content pulpy, ineifing and sweet - seeds 
yellowish green with black tints, 1-2 per berry. 

A light cropper ; ripens about the middle of July. 


Poriugime Blue 


Vines . — medium vigour. 

i^/mote.-Short, medium-thick and rough ; colour gremiisli yellow * 
pubescence woolly ; internodos medium-long ; teiulrils nu-diun.-loim; tritid’ 
pubescent, inteimittent; tips of growing shoots r.-ddish green, j.u'hesccnt J 
unfolding leaves tyllowish green pubescent, margin v«-llovvi.sh green, 
t awes-.— femoky on purple back ground, round. 

given on lower one, thin 

<nd slightly lough ; shape orbicular; pubescence douny on both surfaces- 

Wv n-gularly alternating with 

big one s , teinunal tooth broad, round and poinlerl ; nerves thin, greenish 
ye ow mixed with pink shades, lateral nerves pink near their point, of origin • 

Chawckrs oj the bunch . — Peduncle medium-long, medinm-thick and 
tough; bunches small to medium-sized, divided amr very loose; ripei'iiiK^ 

nnii dark purple changing black with blue bloom appear- 

ance attractive; flesh juicy, fairly sweet, flavour peculiar; seed brownish 
green, 2-4 per berry, well developed. pt-c unar , seea orowmsu 

July^ from the middle of June to the third week of 
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Prunede Cazoul 


Vines. — ^Vigorous. 

Shoots . — Thin to medixim-thick, rough; colour yellowish green ; pubes- 
cence cobwebby; internodes medium-long ; tendrils pubescent/ medium- 
long, trifid, intermittent ; tips of growing shoots light green ; young leaves 
pinkish green, pubescent. 

Gams. — Smoky on one side and light brown on the other, round. 

Leaves. — Dark green on upper but light green on lower surface, thick ; 
shape cuneiform; almost glabrous; 5-lobed, petiolar and upper sinuses well 
marked but basal ones less marked ; teeth long, narrow and pointed ; ter- 
minal, tooth very long, narrow and pointed ; nerves thin, yellowish-green, 
pubescent, second lateral nerves red near their point of origin ; stalk short, 
thin, pink, slightly pubescent. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, medium-thick, fairly brittle ; 
bunches medium or large-sized, short, irregular, single, fairly loose ; ripening 
uneven; pedicel medium -long, thick and warty ; berries medium or large- 
sized, oval ; skin green to dark purple, thick and leathery ; berry content a 
bit firm, juicy, melting and sweet ; quality fair, seed dark brown, 4-5 per 
berry. 

A medium cropper ; ripens from the middle of July to the beginning of 
August. 

Queen Golden 

Vines. — Of medium vigour. 

Shoots. — Short, medium-thick and rough; colour dark purple; pubes- 
cence woolly ; internodes short ; tendrils short, bi- or trifid, pubescent, inter- 
mittent ; tips of growing shoots brownish green, densely woolly ; unfolding 
leaves greenish yellow, woolly with red margins. 

Canes. — Light brown but slightly smoky on one side, prominently 
angular. 

Leaves . — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular ; pubescence downy on upper but felt-like on 
lower surface ; 5-lobed, petiolar sinus closed above but open below, basal 
and lateral sinuses well marked, open, U-shaped ; teeth in two series, small 
ones alternating with large, broad and pointed ones ; nerves thick and strongly 
pubescent, purple near their point of origin but greenish yellow with pink 
shades above ; leaf stalk short, thick, dark purple and pubescent. 

Flowers . — Hermaphrodite . 

Characters of the bunch. — ^Peduncle short, medium-thick and brittle ; 
bunches medium or large-sized, long cylindrical or pyramidal, single and 
compact ; ripening even ; pedicel short, thick and warty ; berries large and 
spherical ; skin green with white bloom, medium-thick and cracking ; berry 
content a bit firm, melting, juicy and sweet ; seeds well developed, dark 
brown coloured, about 4 per berry. 

A light to medium cropper ; ripens from the middle of July to the middle 
of August. 
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Ribier 

Vines . — ^Very vigorous. 

-SAoofe .-Medium-long, thick and rough ; <lark purple patches on green 
pubescence woolly intemodes medium-long ; tendrils long, pubescent, trifle 
and intermittent ; tips of growing shoote brownisli green, densely ])ube'sc(!nt 
unfolding leaves yellowish green with pink margin, strong pubescem^e on boil 
surfaces. 

C'a»es.— Brown on one side and greyish yellow on the oth<>r, angular. 
Leaves.— Dark green on upper but light j, reen on lower .snrfiu-e, thick nne 
ro^h ; shape orbicular ; pubescence downy on upper but iidt-like on lowei 
surface ; 5-lobed, but sometimes the tertiary nerves of st'cond lateral nervet 
form two more lobes, making a total of sev<ui ; [H’tiolar sinu.s closed above 
but open below, other sinuses also marked; t<>etii in two series, .mnall oncf 
atemate with big ones that are usually narrow, long and pointed ; termuia 
tooth long, narrow and pointed ; leaf nerves pubeseimt. thick and purplt 
near their point of origin but creamy yellow inostlv ; kjaf stallc short thick 
flattened, pubescent, light purple with yellowish given shade, s. 

Flowers . — -Hermaphrodite. 

Characters of the tew/t.— Peduncle mcdiiiin-loiig. tliiek and tough ■ 
bunches large, long, pyramidal, single, loose and even ; pedi-el niediinu- 
long, thij and warty, berries large and spherical ; skin jet-bine!.: with blue 
bloom, thick and cracking ; berry content firm, [lulpy and sweet ; rpuditv 
fairly good ; seeds 2-3 per berry and of dark Itrown ctdour. 

cropper ; ripens from the beginning to the end of 

Rish Baba 

Vines.- — Very vigorous. 

-S^oofo.— Thick, long, rough ; colour dark jmrple. ami gr(^en mixful ; 
pubescence cobwebby shghtly ; internodes meiiium-Iong ; teiulriis Jorno bifid' 
slightly pubescent, intermittent ; tips of growing shoofs browni.<-h or rerldish’ 

green ; young leaves greenksh yellow with pink shades, mar.dn pinkish 
pubescent on both surfaces. ma.„in junarsn, 

lar. brown but slightly .smoky on one side, prominently angu- 

f green on loiver surface, medium - 

t uck shape cuneiform ; glabrous on botii sides ; 5-lohed, jietiolar sinus 

Sd nSd op®" weU marked ; t£«th reddish green ; broad 

-ree^ udfttink ihff 1 serves thick, yellowi.sli 

^ P-'P’® g--" 

Flowers , — ^Hermaphrodite. 

bunches Peduncle long, thin or medium-thick, britf Ic : 

ol vevv on? even ; jiedieel long 

01 very long, medium-thick, warty ; berries large, long, long-oval • skin 

SSt'a^S’firr* ' medium-thick, cracking ;’berrv 

yeUoi ptak 8°”'* ■ 

A light cropper ; ripene during the month of July. 
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Rose 

V ines . — V igorous . 

Shoots. -Medium-thiok, long and rough ; colour red in lines on oreen ; 
pubes(3ence cobwebby ; internodes long ; tendrils long, trifId, pubescent^ 
intermittent , tips of growing shoots yellowish green ; voung leaves o^reenish 
yellow giving pinkish tinge, slightly pubescent on both surfaces, margin green. 

CJanes. — Purple, angular. 

Leaves .— green on upper but light green on lower surface ; fairly 
thick ; shape cuneiform ; almost glabrous on both surfaces ; 5-lobed, petiolar 
sinus open and cup-shaped, basal and lateral ones less-marked and V-shaped ; 
teeth broad and pointed ; terminal tooth large, broad and pointed ; nerves 
greenish yellow, slightly pubescent ; stalk short, thick, slightly pubescent, 
colour pink and yellowish-green in patches. 

Flowers. — Hermaphrodite. 

Gharacters of the bunch . — Peduncle long, thick, tough ; bunches medium 
or large-sized, long, pyramidal, shouldered, divided, fairly compact ; ripen- 
ing fairly uneven ; pedicel thick, long and warty ; berries medium to large- 
sized, oval ; skin medium-thick, colour red or light red (attractive), cracking ; 
berry content slightly pulpy, melting and sweet, flavour good ; seed dark 
brown, 1-2 per berry. 

A very light cropper ; ripens about the middle of July. 

Servan 

Vines . — ^Very vigorous. 

SAoo^5.-^Medium-thick, long and smooth ; colour green ; pubescence 
woolly ; internodes medium-long ; tendrils long, pubescent, bi- or trifid, inter- 
mittent ; tips of growing shoots yellowish green, pubescent ; unfolding leaves 
greenish yellow, densely pubescent, margin green. 

Caries.— Brown on one side and greyish-yellow on the other, angular. 

Leaves.— Dark green on upper but light green on lower surface, medium- 
thick and rough ; shape orbicular ; pubescence on both surfaces ; 5-lobed, 
petiolar sinus nearly closed, basal and lateral sinuses open, U-shaped ; small 
teeth irregularly alternating with large, broad and pointed ones, terminal 
tooth long, narrow and pointed ; nerves thin, pinkish green, pubescent • 
stalk short, thin, yellowish green, slightly pubescent. 

Flowers. — Hermaphrodite. 

Gharacters of the hunch . — Peduncle medium-long, thick and tough * 
bunches medium or large-sized, long, pyramidal, fairly loose ; ripening uni- 
form ; pedicel medium-long, thick and warty ; berries medium to large- 
sized, spherical ; skin light green, medium-thick and cracking ; seeds of 
dark-brown colour, 3-4 per berry. 

A light to medium cropper ; ripens from the second week of July to the 
beginning of August. 

Spin Savai 

Vines. — ^Vigorous. 

Shoots Lliiek^ and smooth ; colour mostly green but dark purple 
shades on green also ; pubescence cobwebby ; internodes long ; tendrils long, 
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trifid, Klightly ])ubcBcent, mtemiitteut ; tip« of growing nhooi.'S liglif. green ; 
young leaves yellowisli green, margin pink, puh(*s(*en<*e on bfdh Hurl'a(*es. 

Cmm.~Bro\vn on one side and greyish yellow on the other, angular. 

Lmim . — Dark green above but light green on lower snrbnan medium- 
thick ; shape orbicular ; both surfiiecs glabrous ; oIoIkmI : ]Kd io]a,r sinus 
well marked, lateral sinuses more marked than lausal sinuses, and teeth-like 
structures develop at the base of lateral siuuses ; tcadh iarguu broad and 
pointed ; terminal tooth long, narrow and pointed ; iku’vcns thiit, pu!K‘setmce 
downy, colour dirty green or light green witii pink dots, 

Flowers. — Herrnajihrodite. 

Charaders of the bumh . — Pedicels long, mcMiium -t hiek and warty ; Ix/rrics 
long-oval, large-sized ; sMn yellow, thin like that of ‘ bedana ’ 

variety, cracking; berry cxmtetit firm, melting and sweet, (pmlity goofl ; 
seed content rdl or 1-2 per berry, colour greenish yellow. 

A very light cropper ; ripens about the beginning of July. 

SiiUmm 

Vhies . — Vigorous. 

Shoots. — Thick, long and smooth ; <*oloui’ green ; fiuhes<*ct!ice downy ; 
internodes rnedium-long ; tendrils long, ]>!ibcscent, hirt<b ini ermit tent ; tips 
of growing shoots yellowish green ; unfolding leaves gretmish yellow^ margin 
light pink, pubcs(icnt on both sinfac^^^^ 

Canes . — Smoky, angular. 

Leaves. — Dark green on upper but ligiit grceii on lower surface, medium'' 
thick; shape orbicular; both Burfaces gla!>i'ous : adobed, petiolar sinus 
closed, other sinuses well niarkcd^ lJ -shaped ; teeth mostly bnaid ; terminal 
tooth long, narrow and pointed ; nerves thick, pufK^soence dowfiy, colour 
greenish yellow with, light pink shades and reddisli ncai’ tludr point of origin 
on upper surface only ; stalk thick, short, gr<ienish y<diow with pink shades, 
almost glabrous. 

Flowers. — Hermaphrodite. 

Charaders of the hunch. — Peduncle tliick, lirittlo ; bunches larger- 

sized, long, pyramidal, single, compact ; ripening fairly even ; pedicel medium 
long, thin, warty ; berries small, oval ; skin golden yellow, medium-thierk, 
cracking ; berry content a bit firm, melting, sweet ; (|ualiiy' good ; seedlesH. 

A light to medium cropper ; ripens from the middle of June to the beginn- 
ing of July. 

■ Vigorous. 

Shoobs. — Thick, long, smooth ; colour mostly green but sometimes dark 
purple shades also ; pubescence cobwebby ; iiiternodes long ; tendrils long, 
trifld, slightly pubescent, intermittent ; tips of growing shoots brownish 
green ; unfolding leaves yellowish green, margin red, pubescent on both 
surfaces. 

Cams. — Purplish, angular. 

Leaves.— J)Bvk green on upper but light green lower surface, medium- 
thick ; shape orbicular ; glabrous on both surfaces ; 5-lobed, petiolar sinus 
closed above but' open below, other sinu^ also marked ; teeth large, broad 
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and pninted ; terminal tooth long and narrow ; nerves medium-thick, light 
green with pink dots, pubescence felt-like, second lateral ner\-es red up" to 
a little beyond the point of origin of tertiary nerves ; stalk short, thicli, slightly 
pubescent, pinkish yellow with green shades. 

Flowers . — ^^Hermaphrodite. 

OhfxrctctB'i s of the bwn/cli. — Peduncle long, thick, soft and brittle j bunches 

medium or large-sized, long, pyramidal, single, loose or compact ; ripening 

even ; pedicel long, medium-thick and warty ; berries usually large-sized 
but small (shot) ones also met with in the same bunch, shape long-oval ; 
[ skin dark purple having blue bloom, thick, cracking ; berry content slightly 

firm, melting and sweet ; seeds n^ell developed, usually one per berry and have 
yellow and blue pigments on them. 

A light cropper ; ripens from the end of June to the 3rd week of July. 

Tandah 

Vines . — Vigorous. 

Shoots. Medium-thick, short, rough ; colour pinkish-green ; pubescence 
cobwebby ; internodes medium-long ; tendrils short, bifid, slightly pubescent, 
intermittent ; tips of growing shoots pinkish green ; young leaves greenish 
yellow, pubescent on both surfaces, margin green. 

Canes . — Purple, round. 

Leaves.— Dark green on upper but light green on lower surface, smooth 
j thin] shape cuneiform; sfight pubescence on both surfaces; 5-lobed, 

► petiolar sinus well marked, open and cup-shaped, basal and lateral sinuses 

( not marked, V-shaped ; teeth broad, rounded and pointed ; terminal tooth 

very broad, rounded and pointed ; nerves very thm, yellowish green, slightly 
I pubescent ; stalk short, thin, pink, slightly pubescent, 

j Flowers . — Hermaphrodite. 

* Characters of the 6mtocA.— Peduncle long, thick, very tough ; bunches 

medium-sized, long, pyramidal, single, fairly loose ; ripening even ; pedicel 
medium-long, thick and warty ; berries medium to large-sized, oval ; skin 
; pinkish or light red, medium-thick, cracking ; berry content juicy and sweet ; 

quality good, flavour not distinct ; seed yellow, 2-3 per berry. 

: A light cropper ; ripens about the second week of July. 

I Tas 

t Vines. — Vigorous. 

Shoots.— Thick, long, smooth ; dark purple lines on green ; pubescence 
cobwebby ; internodes long ; tendrils short, bifid, slightly pubescent, inter- 
mittent ; tips of growing shoots light green ; young unfolding leaves yellowdsh 
green, margin red, pubescence on both surfaces. 

Canes . — Purple, angular. 

i Leaves.^ — ^Dark green on upper surface but light green on lower one, 

; medium-thick ; shape orbicular ; almost glabrous on both surfaces ; 5- 

i lobed, petiolar sinus open below but closed above, other sinuses well marked ; 

; lateral sinuses W-shaped ; teeth broad and pointed ; terminal tooth long, 

narrow and pointed ; nerves medium -thick, slightly pubescent, light green 
with pink dots ; second lateral nerves of dark purple colour upto the point 
‘ where the tertiary nerves arise ; stalk short, medium thick, greenish purple, 

slightly pubescent. 
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Flowers . — Hermaphrodite. 

Characters of the bunch. — ^Peduncle medium -long, thick and tough ; 
bunches medium to large-sized, long, usually pyramidal, single, fairly compact ; 
ripening fairly even ; pedicel medium-long, thick, and warty ; berries medium 
to large-sized, short-oval • skin greenish yellow, thick and cracking ; beiry 
content firm, pulpy, mild sweet, no flavour ; seeds well developed, dark brown, 

2 to 4 per berry. 

A light to medium cropper ; ripens about the end of J uly. 

Tor 

Tines. — ^Vigorous. 

Shoots. — ^Thick, long, rough ; colour mostly green ; pubescence downy ; 
internodes long; tendrils pubescent, trifid, intermittent : tips of growing 
shoots yellowish green ; young leaves yellowish green, margin j)ink, pubescent 
on both sides. 

Canes. — ^Brown on one side and greyish yellow on tlie other, angidar. 

Leaves. — ^Dark green on upper but light green on lower surface, medium- 
thick ; shape cuneiform ; almost glabi'ous ; .1-lobed jietiolar sinus promi 
nent, open, cup-shaped but basal and lateral ones, V-shaped ; teeth broad ; 
terminal tooth long, narrow and pointed ; nerves medium-thick, pinkish 
green, pubescence felt-like on lower surface ; stalk medium -thick, pinkish, 
short, almost glabrous. 

Flowers . — ^Hermaphrodite. 

Characters of AtincS.— Peduncle long, thick, tough; bunches large- 
sized, long, pyramidal, single, quite compact, ripening even ; pedicel short, 
thick and warty ; berries large-sized, short-oval or spherical ; skin black 
with blue bloom, thick and cracking ; berry content firm and sweet ; quality 
fair ; seeds well developed, light brown with bluish shades, 2-3 per berry. 

A light to medium cropper ; ripens about the end of June. 

TrenthamBhch 

Vines . — Of medium vigour. 

Shoots. — Medium-thick, long, rough ; dark purple shades or lines on 
green ; pubescence woolly ; intemodes medium-long ; tendrils short, pubescent 
bifid, intermittent ; tips of growing shoots yellowish green : young lea ves 
pinkish green. 

Canes. — Smoky, round. ^ ^ 

Leaves. — ^Dark green on upper hut light green on lower surface, thick 
and rough ; shape cuneiform, pubescence downy on both surfaces ; 5-Iobed, 
petiolar sinus well marked, broad and open, basal sinuses less marked than 
lateral ones ; nerves medium-thick, yellowish pink and pubescent ; stalk 
short, thin, greenish yellow with purple shades, almost glabrous. 

Flowers. — ^Hermaphrodite. 

Characters of the hunch. — ^Peduncle medium-long, medium-thick, brittle ; 
bunches small to medium-sized, short or long, pyramidal, single, fairly loose ; 
ripening even ; pedicel medium-long, medium-thick and warty ; berries 
medium-sized, short-oval ; skin purple, thick and leathery ; berry content 
separates in a mass from the skin, melting and sweet ; seed dark-brown, 
1 to 2 per berry. 

A very li^t cropper ; ripens about the end of June, 
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Waltham Cross 


Vines. — ^Very vigorous. 

Moote.— Thick, long, rough ; colour green ; almost glabrous ; inter- 
nodes medium-long ; tendrils medium to long, bi- or trifid, almost glabrous 
intermittent ; tips of growing .shoots green or brownish green ; young leaves 
yellowish green; margin rod, almost glabrous. 

(Janes. — Smoky on one side and light brown on the other, round. 

Leaves. — Dark green on upper but light green on lower surface, thick ; 
shape cuneifom ; almost glabrous on both surfaces ; 6-lobed ; petiolar 
sinus open and cup-shaped, lateral sinuses more marked than basal ones ; 
teeth large, broad, rounded and pointed; terminal tooth long, narrow and 
pointed ; nerves medium-thick, greenish yellow with pink shades, slightly 
pubescent ; stalk short, medium-thick, yellowish green with pink shades ; 
almost glabrous. 

Flowers. — Hermaphrodite. 

Characters of the bunch. — Peduncle long, thick, tough ; bunches medium 
to large-sized, long, pyramidal, single, loose; ripening uniform; pedicel 
long, medium-thick and warty ; berries large, long-oval ; .skin yellowish 
green with white bloom, thick and cracking ; berry content firm, pulpy and 
sweet ; quality good ; seeds well developed, brown coloured, 1-2 per berry. 

A medium to heavy cropper ; ripens from the end of July to the beginn- 
ing of August. 


Zante Ciirrant 


Vines. — ^Vigorous. 

Shoots. — ^Medium -thick, long and rough ; dark purple streaks on green ; 
pubescence woolly ; internodes- medium-long; tendrils long, bi- or trifid, 
densely pubescent and discontinuous ; tips of growing shoots greenish red, 
’ densely pubescent, unfolding leaves appear white due to pubescence on both 

surfaces, margin red, red colour develops after the leaves get slightly bigger. 

Canes. — Purplish, angular. 

Leaves. — Dark green on upper but light green on lower surface, thick 
and rough ; shape orbicular; pubescence downy on upper surface but felt- 
like on lower one ; 5-lobed, petiolar sinus open and cup-shaped, basal and 
i lateral sinuses less marked and v-shaped ; small and large teeth irregularly 

alternating and are mostly broad and pointed ; terminal tooth narrow and 
■ pointed ; leaf nerves thin and pubescent on both surfaces, lateral nerves dark 

purple near their places of origin on both surfaces but otherwise are of greenish 
i yellow colour with pink dots ; leaf stalk short, thin, dark purple and densely 

pubescent. 

i Flowers. — Hermaphrodite. 

i Characters of the fritwcA.— Peduncle short, thin, soft and brittle ; bunches 

j , small or very small, long, pyramidal, divided, fairly loose and even ; pedicel 

= long, very thin and smooth ; berries very small and spherical ; skin thin, 

; purple coloured with blue bloom ; berry content juicy, very sweet and of 

j good flavour ; seedless variety. 

A light cropper ; ripens from the second week to the end of June. 
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Discussion OF results and construction and usis op the identificattoj 

CHART 

An accurate and complete study of the character and properties, s of a! 
the parts of grape vine varieties under trial inis been made. Home of the 
descriptive data so gathered have been tabulated and discussed in the pri'viout 
section from which it is evident that certain feature, s of the vim; are noi 
as good a guide for diagnostic purposes as others, e.g. vigour and <'rowth 
which are only of relative importance, are helpful wtum the varieties are growr 
side by side in the collection. The other feature, i.e. degnses of colour .shades 
although an excellent guide to the identification of varieties in the field, 'vei 
cannot be usefully employed in de.seribing varieties as degrei; of colour 
is very difficult to be recorded with precision. In constructing the identi- 
fication chart, therefore, only such characters are employed a,s wouhl be easy 
of adoption and afford a more or kss constant s[)ecific value unrler diverst 
conditions. These features used in their order of importance are (a) leal 
shape and pubescence, (6) colour of berries, (c) shape of berries, (d) c(.ilour of 
growing shoots and their pubescence, (e) cane characters and (/) some charaefers 
of peduncle, pedicel and skin (Appendix VI). Itifferring to the chart (Aiipen- 
dix VI) it is at once clear that all the varieties have only three forms of full- 
grown leaves, viz. orbicular, cuneiform and cordate (Fig. 2). .Each of the three 
forms (shape) of leaf may have three degrees of imhescence, viz. (a) ft^lt-like 
(b) downy and (c) glabrous or no pubescence. It is thus evident that all the 
varieties can be classified into nine groups according to the shape and pubes- 
cence of full-grown leaves but actually all the varieties under trial at Lyallnur 
have fallen into seven groups. Except in one case, there are numerLs 
varieties in each group, thus nece.ssitating, a further irlassification aceordine 
to .some other outstanding features. This has been eonsiderahly accomplish- 
ed by using the berry colour feature in conjunction with the leaf .shape and 
pube.scence inasmuch as the re, sultant sub-groups become small ('nouuh to 
be treated separately. ® 

As may be expected^ there are differences in colour shades and iritensitv 
of colour within the berry colour groups themselves. Bi^sides such shade<^ 

are prone to vary slightly with .season and locality. Due eonsfoeration 'was 
given to this aspect of the problem and no definite line of demaroation has 
thus been drawn between the colour groups as explained under ‘ Bunclu^s ’ and 
‘ Berries ’ in the previous section. The varieties falling in the varioiis sub 
groups have been further sorted out with the help of (a) .shape of berrv (h) 
colour and pube,seence of growing shoots, (c) character of canc.s and (d) Home 
characters of peduncle, pedicel and skin and their importance for ideiitifiea 
tion lies m the order in which they are written. It is evident that all the 
features enumerated above, when used conjointly in Appendix VI have 
helped to isolate all the varieties under trial. It is hoped that this chart 
would help to isolate a further lot of varieties not reported in this naiier. 

^ There is yet another feature of interest afforded by the description of 
varieties._ Although there are not more than a few viieties to select fw 
from the list reported in this paper, yet there are many 
that are outstmiding with regard to one or the other most desirable feature^ 
lor instance MadresfieJd Court, Black Pnnee and Mmcat of Alexandria 




IV j GRAPE VINE VAEIfTlRS S8& 

noted for taste and &voma,, Dahh and Bhokari are very prolific, Pandhari 
Sahebi excels every other variety for its attractive bunches and berries, Damos 
Rose is noted for the size of its berries and Madeleine Angevine, Khalili and 
Kishmish White are very early varieties. The desirable feature of these and 
such other varieties may be combined by making crosses between suitable 
parents, and the most desirable progeny seedlings may be multiplied by vege- 
tative means. This t3^e of work is now under way at Lyallpur as a result of 
the facilities provided by the Imperial Council of Agricultural Research. 

Summary 

(1) An accurate and complete study of the character and properties of 
all the parts of 66 grape vine varieties under trial has been made. It consists 
of the study of (a) vigour, (6) unfolding leaves, (c) growing shoots, (d) fuU-grown 
leaves, (e) one year-old wood and (/) bunches and berries. 

(2) Some of the descriptive data so gathered have been tabulated and 
discussed from which it is evident that certain features of the vine are not 
as good a guide for diagnostic purposes as others. 

(3) In constructing the identification chart, only such characters are 
employed as would be easy of adoption and afford, more or less, a constant 
specific value under diverse conditions. These features used in their order of 
importance are (a) leaf shape and pubescence, (b) colour of berries, (c) shape 
of berries, (d) colour of growing shoots and their pubescence, (e) cane characters 
and (/) some characters of peduncle, pedicel and skin. 

(4) It is evident that all the features enumerated above, when used con- 
jointly in Appendix VI, have helped to isolate all the varieties under trial. 
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Glossary 

A number of technical terms used in describing varieties have been 
explained in the section, ‘ methods employed but there are still others 
which need clarification to enable the reader to understand their significance 
fully. The following explanations illustrated by connotations and figures 
are given to serve the desired purpose. 

Tendrils 

The tendrils can be simple, bi-furcated or tri-fm-cated. In some varieties 
tetra-fid or even penta-fid tendrils are met witli. In regard to their position 
on the cane, they are described as continuous, discontinuous or intermittent. 

(i) Continuous. — When there is a tendril or a bunch opposite every leaf 
on the cane. 
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{U) Mscantimidus Of intermittent. —When there is a tendril or a Imncli 
Opposite some leaves and no tendril or bunch against others, the arrangement 
can be termed either discontinuous or intermittent. It is called discontinuous 
when the discontinuity in the arrangement of tetidrils is irregular, but wlum 
the discontinuity is regular, the arrangement is t<‘rmed intciiniiteni-. 

Leaf shape, nerves, lobes and simises, ie.eih, etc. 

(i) Leaf shape, nerves.— The leaf can be of various forms or shapes de- 
pending upon the length of the primary or main nerve in relation to first 
lateral nerve and the second lateral nerve (Pig. 1). The siiiapt^ is also depetidcmt 
on the angles made by the first lateral nerve with the primary nerve aiid by 
the first with the second lateral nerve. The leaves of thc^ varicddcss (loBcribed 
in this paper were either orbicular (round) or ciuuiifbrm (wedge^shapefi). but 
in one instance they were cordate (heart-shaped), llic forms of leaf may best 
be understood by referring to Fig. 2. 


Tot iolar sinu.s 


Second lateral 
nerve 


Dwer sinus 


First lateral 
nerve ' , 


pper siniii 


Primary nerve 


■ Fig. 1 

{ii) Lobing of the leaf and simises . — The leaf can he entire, tri-lobed or 
five-lobed depending upon the number of sinuses present (Fig. 1), If 
the value of upper sinus is zero, .-the leaf is entire. If the upper sinus is clearly 
marked, the leaf is called five-lobed. In addition to the upper and lower 
sinuses, there is another sinus called the petioiar sinus, which is formed by 
the petioiar lobes. 

(in) Teeth . — ^The teeth can be of various forms depending upon the value 
of the ratio expressed by the height (k) of the teeth to its breadth (6) 
(Fig. 1). 

The teeth are very narrow when the ratio is>l 
The teeth are narrow when the ratio is >0* 75 
The teeth are broad when the ratio is >0* 50 
The teeth are very broad when the ratio is >0* 25 




THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE 


The bunch is called single, when there is no 
large stalk division. It is termed divided, when 
the large stalk division exists. 

The bunch is called loose, when the bemes 
can move freely in it. It is termed compact, 
when the berries are held, more or les.s, in fixed 
positions. 

The ripening of the bunch is called even, 
when all the berries in it have ripened, more or 
less, uniformly. It is termed uneven, when ripe 
and unripe berries exist in one and the same 
bunch. 

The size of the berry can be small, medium, 
large or very large depending upon its average 
diameter. 

It is small when the average diameter is 
<10 mm. 

It is medium when the average diameter is 
<15 mm. 

It is large when the average diameter is 
<20 mm. 

It is very large when the average diameter is 
>20 mm. 

The shape of the berry can be spherical, 
short-oval, oval, long oval or irregular, depending 
upon the ratio of the long diameter to the cross 
one. To have an idea of the shapes as described 
in this paper, reference may be made to B’ig. ;l 

Fm. 3. Diffcrorit shapes of teri'j- 

J-he skin is termed leathery, when it separates in a mass from the pn 
while eating. It is called cracking, when it is crushed along with the pn 


Short oval 


Gro’pping propensities 
A variety may be light cropper, medium < 
upon the average yield of fruit per vine. The crop 
varieties have been described on the basis of the 
last five years (193.3-1937) as follows 

Very light cropper when the average yield 
Light cropper when the average yield 
Light to medium cropper when the averag 
Medium cropper when the average yield 
Medium to heavy cropper when the averaj 
Heavy cropper when the average yield 
Very heavy cropper when the average viel 
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(Witb Plates XVII-XXI and one text-figure) 

'^HAT a proper selection of rootstock for the cultivated citrus plays a 
1 most important role in the orchard economics and makes all the diff- 
erence between the success and failure of a plantation are facts established 
beyond doubt both by observation and scientific findings. Hatton [1932] 
has summarized the evidence independently brought out by a number of workers 
to show the differential performance of certain citrus rootstock-scion com- 
binations under diverse environmental conditions. The wide dissimilarity 
in the matter of lootstock preferences in the different citrus-growing regions 
has served to accord a considerable practical and economic importance to 
the rootstock trials in the research programmes relating to the culture of 
citrus fruits in all parts of the world. 

Until very recently seed propagation has been the i*ule in citrus nursery 
practices all over South India. During the past few years there has been, 
however, a distinct trend towards the establishment of budded plantations. 
At this stage of transition, questions are being very frequently asked on the 
merits and demerits of the various rootstocks for the superior cultivated 
varieties of citrus and also of the several hardy, acclimatised or indigenous 
forms of citrus that are known to abound in this part of India and are reputed 
to possess a variety of desirable characteristics like tree vigour, resistence to 
drought and disease, productivity, tolerance to adverse soil and climatic 
conditions, etc. Information is also being sought on the possible advantages 
and disadvantages of raising budded plantations instead of the erstwhile 
system of seedling plantations. 

It was, therefore, in the fitness of things that an elaborate rootstock 
trial iov chitiBG orange and a smaller investigation with acid lime scion variety 
should find a prominent place in the programme of research under the fruit 
research scheme of the Imperial Council of Agricultural Research at Kodur. 
The (jhiti&Q orange is the most extensively cultivated variety of sweet oranges 
in Ceded districts of Madras Province, almost to the exclusion of other 
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.varieties in this . region. Similarly, the acid lime occupies a pre-eminent 
position among the cultivated fruits that fall under the groups of limes and 
leaiKms^ in this province as also in other parts of India. 

From the very nature of these experiments, it is impossible to expect 
definite results with any degree of finality within a relatively short period of 
time. With a crop like citrus, a very conservative estimate of the period 
necessary to determine witli some exactitude the longevity of scions on 
various rootstocks would be not less than 50 years. Pending the avail- 
ability of results from such long-range experiments, the citius gnnvers would 
naturally welcome the release of practical information on the performance of 
various rootstocks at different stages of the trial. The information collected 
so far at the Fruit Research Station, Kodur is considered to be of sufficient 
interest and practical importance to merit imniediate dissmnination to the 
citrus -growing public and to. the workers in this field elsevvdiere. Further 
results of these trials are proposed to be pubiished as and wlien they become 
available and seem sufficiently important from the view point of the practi- 
cal grower and the research worker on citrus. 


Matebials' 

One of the experiments which forms the subject of the present paper 
was designed to test the relative merits of the folio wing varieties of citrus a.s 
rootstocks for cMncc orange. 

(1) Jamberi — C. limonia Osbcck. : — Tins is the well-known rough lemon 
reputed to be popular as rootstock for sweet orunge in some, parts of Florida, 
South Africa, Australia and also in the (Jcaitral Provinces and Bombay Pro- 
vince. It is said to be identical to Kh/tUi of the lhuijal> and North- West- 
Frontier and is also known ai^jmyihuri in some parts of India. 

(2) Kichili — C, mademspaimm Hort. Tanaka. Tliis is indigenous to 
South India, having probably originated as a cliance seedling. Tanaka has 
described it tentatively in his ‘ Further Revision of Rutaceae x\urantiodiae 
of India and Ceylon ’ [1937], and concludes that the ])Iant is very much like 
' sour orange ’ [C. Aimmlimn) with leaves broadly winged. It is undoubtedly 
a very hardy tree and highly productive in Ceded distric^ts (Plate XVII, fig, I), 
where it seems to be resistant to a certain (extent to drought, Jieglect, ill- 
drained soil conditions and also to such diseas(‘s as folio-eellosis, diebaok, 
canker, withertip and gummosis. 

(3) Gajanmma — pennmmmhtu Tanaka. : — The description of this 
has also been recently recorded by Tanaka [1937]. According to him it is 
identical to Bandlmri of Ooorg and Attara of th(^ (Central Prov inches, 'Iliis 
too is possibly indigenous to Oe<led districts, having als<> originated as a chance 
seedling (Plato XVTl, fig. 2). It has been finmd tu be susceptible to gummo.sis, 
but in otln^r respects posse.sses all the desiralfie characteristics uf ki<*hUi though 
to a lesser degree, it is known to he a more vigorous grower than kkhlU, 

(4) Oahbu-d%ime — (7. sinemis Osbeck. Hort. This has arisen as a 
chance swdljng in a chmm orange plantation {Plate XVII, fig. 3). ■ Blxcepting 
for its producing slightly larger, coarse and more warty fruits, it resembles 
cMnee orange morphologically. ' , ' ' 
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(5) Chinee orange— (7. sinensis Osbeck, It is a variety of sweet oranges 
(Plate XVII, fig. 4), and does not materially differ from any of the well-known 
vaiieties known to trade. 

(6) BiUi-kichiU — C. Tangerina Hoiet, ex Tanaka. : — This is identical with 
the tangerine and closely resembles the Dancy and Beauty of Glen-Retreat 
varieties introduced to India and cultivated in some parts of the United 
Provinces. It is known also locally as Hyderabad Jcamala and has been 
considered to be of some value as a rootstock in parts of Florida. 

(7) Pummelo— (7. maxima, Merr. The variety used in the present 
trials bears round fruits. Its value as a rootstock has been tested at Phili- 
ppines, Florida and in Hawaii [Pope, 1934]. 

(8) Acid lime— (7. AurantifoUa^y^m^e. : — This is the well-known variety 
of kaghzi lime or nimbu so extensively cultivated in all parts of India. El 
Sawy [1936] and Hodgson [1937] have pointed out that a variety of Egyptian 
limes has been found suitable as a rootstock in light soils. 

(9) Herale — C, Aurantmm Linn. —According to Tanaka [1937], this is 
the true sour orange, also known as Seville orange. The seed parent used in 
these trials appears to be the true Bitter Seville strain, which is used exten- 
sively as a rootstock in California. Its fruits do not develop a sweet and 
edible pulp as those of kichili. Tanaka considers Aemfe to be synonymous 
with shotang of Assam, naradahba of Madras m.dJchatta of the Punjab. 

A batch of chinee seedlings raised from the same scion parent from which 
buds were obtained for this experiment were also included in these studies, 
so that their performance may be evaluated with the chinee orange scion on 
each of the above nine varieties employed as rootstocks. 

The scion parent chosen for the experiment is tree No. 10/4 in a private 
garden close to the station. 

For the experiment with acid lime scion, the varieties tried as root- 
stocks were hichili, jamberi and acid lime. As in the case of the other trial, 
seedlings raised from the acid lime scion parent were also included in this 
study. The scion parent for this trial was also selected from a private garden 
in the neighbourhood. 

Along with some of the above citrus, a variety popularly known as Vadla- 
pudi orange (syn. country orange or sour country orange or sour orange) 
has also been included for a study of root-systems of seedlings and of budlings 
on the seedling rootstocks. It seems from the descriptions that Tanaka 
11937) has taken this variety to he synonymoxis wdth the McMi, although he 
has not made a specific statement to that effect. The Vadlapudi orange is 
being extensivety cultivated as a table fruit in the Northern Circars and claims 
an area of about 4,000 acres, while the kichili of the Ceded districts is never 
grown on a commercial scale and exists merely as stray trees in the sweet 
orange groves. i:^ending an accurate nomenclature and classification, which 
is mnv in progress at Kodur, these two |)opixlarly known varieties are treated 
as distirict from each other in the present paper, although it must be stated 
that apparently no clear differences seem to exist between the two. 

Mokn, (J, imdlca L., is another variety that was originally included for 
tlie rootstock tiials, but was ultimately discarded for the purpose. The 
seed-bed and nursiu'V ])erlbrmance of this variety has, however, been reported 
in these pages. 
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Methods 

The rootstock trials were initiated towards the chisc of TI)o 

of each variety intended for rootstocks as well a„s of (,ln scion' narei? f 
glowing as seedling trees were collected from selected individual tiws 
reion ])arent.s were chosim with care on tlu^ basis <d‘ f.lmir \nVonr and^ncif. r^ 
nian(5H in the two seasons preceding the )md-inseriion. As will he shown 
heieafter, a very iniieh larger number of seedlings than were actuallv rnn, 
for bud-msertion and final planting were raised, so as to tierniit ‘the ^ L ' 
tion of rootstocks and scion seedlings with the mvatest •unomit r,/i, T 
of ^owth chamcter,. Thi p..«kJ.„o ,v» ».£ptoi Z™ ^ 

of Webber [1931 ; 1932], , ho |,.h pointed „„t «„ , A ‘f 

• obtaining a progeny, all individuals of which are likely to be Lmm+t' , ?i 
tical. by the process of eliminating the variants amontr thf 

was not, however, possible to sow uniform nuniber of sneds i,rthe“2r J 
every variety. case of 

The seeds of all the varieties were sown toworli! iLr, ^i r xi 
19S5 and the seedlings transplanted in nurserv ids fn.i fn^ 

1936. Data on the pereontoge of gernlinaS i Z eX ,t .f I X*™'" 
at determined by the counting of the u-tu-d nt,..,! . i- "[ boiyembryoiiy 
and alto the extent of v.Xl4 btejX't 
stated at one or more tt.get of the growth of (1,7. 

During the first half of Januarv 1037 a nnmLrtr. .r ■ 
variants in nursery beds were utilised for a ’trial t,, n - growing 

of rootstock effects upnn the c/diri'io;:. IM i ■ ' hi.;! 
of these variants were suitablv rccfirfW) ..i ai buds on each 

of these. The ^ Z'T 

dumy July ,93,. at whiZh .i,„e the gih'rrtx".,::; '"■* 

during Jufy A&Xmi'Alira^XAl'lCl'XigM 

mXrlt :X.tt7ZlXLAX'Z,ul''ilX 

each variety was mounted on cAvdhnnvi] ' i i from 

tions recorded from tho.sc studie.s along with tl e'fiataTir “i* I 
of suece.ss in transplantation of aeedfinas hZ i extent 

idea of the possible influence exerted bv^tlw • ***' " ^’^ilized to obtain an 
of the plants subsequent to t olratim^ root systems on the life 

nursery bed.s. operation of transplantation from .seed to 

abo plaSt S^t.tr“ sTotTlSf IXT* “X »™ 

from plant to plant and eight feet from fow £ ^ distance of six feet 

roots in later stages of growth Six sPf.HU f study of 

budded to a selefted XrLngftS each £ these varieties 4re 

were left to grow as unworked seeJimys n other six 

•lohg with an unworked needling oAL 
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during the following three years for a comparative study of the root system 
as stated above* 

The actual budding operation of the finally selected seedling rootstocks 
for the main experiment both with orange and lime scion was done in July 
1937 by one operator. The finally selected budded orange and lime plants 
were planted out in October, 1938. 

The plan of layout of the orange rootstock trial as approved by the 
Statistician of the Imperial Council of Agricultural Research consists of six 
replications or blocks for ten treatments. Three trees on each of the nine 
rootstock varieties and three orange seedling trees were planted out in 

each block, the position of the trees within each of the 60 sub-plots and that 
of the treatments within each of the six blocks having been determined at 
random. The plants were planted by the quincunx system with a spacing 
of about 28 feet from tree to tree. 

The soil of this plot was analysed by the Government Agricultural Che- 
mist, Coimbatore ; and on the basis of his report it is found that the soil 
is red sandy loam of great depth with about 25 per cent of finer fractions in 
surface layers, and more of clay fractions in the lower strata. The of 
the soil is almost neutral in reaction, being 7-5. The total water-soluble 
salts are very low with no difference between the surface and sub-layers. The 
water-holding capacity and the pore space are also uniformly fair. The area 
is, therefore, considered to provide ideal plots for this type of experimenta- 
tion. 

In the case of acid lime trial, the plan of layout consists of six replica- 
tions of four treatments (budlings on three rootstock varieties and acid lime 
seedlings). The spacing adopted in this case was 20 feet square. The soil 
analysis of the plot reserved for this trial shows that this j)lot is identical 
with that used for the orange rootstock trials. 

At the time of planting the trees in both the experiments measurements 
of trunk thickness of the rootstock stem and scion stem and of the height of 
the plants were collected and recorded. Once a year such records are pro- 
posed to be collected in future so as to trace the differential growth effects 
under each of the treatments. In the present paper, the data relating to the 
series of measurements collected in the orchard immediately after planting 
are only discussed along with those collected prior to the planting. 


Data AND inferences 
1. Chinee ofUfigre foofeiocfe 

In Table I are presented the data collected on germination and ployem- 
bryony, etc. in seed beds and growth and variability in nursery beds, in the 
case of various rootstock varieties for cMnee orange. 

Table I shows that wide differences exist between the various varieties 
particularly with regard to the growth prior to the budding stage. Cleai 
differences are also observed in regard to the phenomenon of ployembryony as 
determined on seedling counts, and percentage of germination. 
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Summarized growth record and other observations on seedlings 


{Rootstock trial for chinee orange) 



lJuddable 
pJaiitft 
with a 
diameter 
of 

0*70 CIO. 
or above, 
air 
height 
on 

7-11-36 


Time 

taken 

for 

ger- 

lulna- 

tiOE 

in 

days 


Aver-' 

age 

height 

in 

Nov- 

ember, 

1936 


Seed- 
lings 
from 
apoganik 
embryos * 


Ger- 

mina- 

tion 


Variety of root- 
stock 


Per cent 


Per cent 


Per cent 


Sweet 

{Chinee) 


orange 


Kiehili 


Qajanimma 


Gabhu chinee 


Jamberi 


BilH'kieMH 


Pummelo 


Acid lime 


9 mraU 


10 C/a‘n<«(imbudded) 


II Mokri 


hom a parent, 

♦Caloulatad on the basis of actual munber of seedlings 

(*) Records not available. 

In regard to the growth in the nursery, th 
and gagammrm make the most vigorous growth 
also seen that height measurements do not afford 
tion of the suitability of the seedlings to receive 




Coidli- 
cient of 
variii- 

1 

j Average 

1 (iianieter 

1 at 

12 ern. 
height 

! : ill 

‘ N'overn- 
ber, 
1036 

1 Coeffi- 
; eient of 

hiiity 

i varia- 
1 bility 

Per cent 

cm. ■ 

Per cent 

8 

0 

10 
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tn dSn? +W from two different parents of chinee appear 

Lted 1; d" ^ which is largely in- 

liuenced by the indivaoual parent in this variety. ® ^ 

collected on percentage ‘take ’ of buds on vigorous growing 

TaSril variability among these seedlings are presented in 

Table II 

Bata on percentage ‘ take ’ and groivth of seedling variants as well as on varia- 
hhty among such seedlings at the time of budding 

{Rootstoch trial for chinee orange) 


Serial 

No. 

Rootstock variety 

No. of 
variants 

Bate of 

Percentage 
‘ take * 

Average 
diameter of 
rootstock 
at the time 

1 

Sweet orange 

budded 

... 

budding 

of budding 
at 8 in. 
height 

(cm.) 

2 

KicMli 

54 

7-1-87 

87-80 

0>88 

3 

Qajarvimma 

53 

9-1-37 

77-36 

1-19 

4 

Q<thbU’‘Chinee 

1 79 

3-1-37 

55-70 

0-71 

5 

JambeH 

' 50 

6-1-37 

86-00 

1*28 

6 

Billi-McMH 1 

6 

9-1-37 

100-00 

0*66 

7 

.■Pummelo I 

16 

10-1-37 

56-25 

0*84 

8 

Acid lime ; 

25 

Do. 

80-00 

0-79 

9 

Mokfi j 

23 

Do. 

69-57 

0-86 


Coefficient of 
variability of 
seedlings at the 
time of budding 


10- 51±0-01 
13*45±0-01 
12*52±0-01 
10 - 02 ± 0-01 

9‘09db0*05 

12-65±0'02 

11- 40±0*01 
12*56d=0 02 


Although the number of individuals worked were limited, and varied 
between varieties, the data in Table II nevertheless point out to the exis- 
tence of fairly large diiferences between the several rootstock varieties in 
icgaid to the successful take ’ of chinee orange buds. 

The data also show that the coefficient of variabihty in stem size of the 
variants is considerably less than wffiat was found in the seedlings of the 
respective varieties two months before. This leads to the hope that the 
hnal set of seedlings selected for raising the experimental plants wdl be fairly 

umlorm at least in so far as the measurements of stem thickness are con- 
cerned. , 

The preceding observations, however, require to be confirmed. This was 
clone at the time of working the seedhngs selected finally as the least variable 
in each rootstock variety. 

fii mean increase in rootstock stem girth of the variants 

1937 ^ transplantation of budded plants to fresh nursery beds in July 
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Table III 



Number of budded plants on most vigorous variant rootstocks and their mean 
growth increments till the time of their second tramplmitaiion in 

nursery beds 

{Boofstock trial for chinee orange) 


Serial 

,No. 

Rootstock variety 

No. of plants 

; Mean, increase , 
in stem diameter 
em. 

1 

Sweet orange 

Nil 

mi 

2 

Kichili 

U 

0-308±0-045 

3 

Gajanimma 

25 

0-256±0-041 

4 

Qabhu-chinee 

24 i 

i 

0-224± 0-043 

5 

Jamberi 

i 1 

37 1 

0-258±0-073 

6 

BilliMcHli \ 

5 ! 

0-157 

7 

Pummelo \ 

, 3 , . ■ , ! 

i 

0-084 

8 

Acid lime | 

13 ; 

0-169±0-077 

9 

Mokri ■ I 

, .. ! 

_ « j 

0-183 
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Table IV 



Ntimber and proportion of seedlings in the modal class with central vaiues 
and mean diameter measurements of different rootstocks 


{Moofstock trial for ehioee orange) 


It is seen iha^t jamheri and gafanimma hiwe shf>w!^ a greater stein tiiick- 
ness in the modal class than the seedlings of the otlnn* three varieties. 

At the time of transplantation of seedlings from seed to the nursery 
beds, all the undersized and weak seedlings wero rogued out once, and 
the rest were graded into three giTjiips according to tlio size of the plants, 
and seedlings of each of these three grades wore planted in separaie bid 
contiguous nursery beds. 

Table V gives an idea of the. extent of rogiiiug out. performed, iiuinber 
of . plants . falling under each grade and the sig,nificanee of difference 
between the seedlings of each of these grades based on tlnn'r stem girth mea- 
surement at the time of budding in July 1937. 

It is evident from Table V that there is no signifit^aiit difference 
between any of the grades in gabbu-chinee, gajanimma and acid lime, 
which therefore appear to be the least variable of all tlie five rootstocks. 
Kiohili, on the other hand, appears to be mo.st variable because of the signi- 
ficant difference between the A and B grades, and A and C grades. 

In view of the repeated roguing out of the undersized and weak plants 
and of variants in seed and nursery beds respectively, and the further pre- 
caution taken in selecting only the individuals from the modal class in five 
varieties, no further steps appeared necessary for having the most uniform 
seedling rootstocks for the purpose of this trial. Nevertheless, as the number 
of individuals in the modal class of some of the varieties was large, it was 
found necessary to make a further selection of individuals out of those finally 
selected groups, so as to restrict the budding operation to a conveniently 
manageable number. Unfortunately, a uniform number of plants could not 
be obtained in the case of all rootstock varieties, mainly because of the in- 
adequate number of plants raised in their case* 


Bootstock vai'iety 

No. of indi- 
viduals in 
modal class 

Percentage of | ( 
seedlings in ; 
modal class I 

Jentral 

diamf4.<a‘ 

can. 

Mean value — 
/iiamef.nr 
era. 

Jamheri 

139 

39-95 

4-321 

4*369 

KicMU 

228 

39‘72 

2-750 

; 2-797 

Qajanimnm 

98 

25-32 

4 •321 

1 4-325 

Gahbu-'cMnee 

123 

31-87 

2-750 

2-775 

Acid lime 

120 

46-51 

.2-750 

2-791 

e , 
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In Table VI are presented the number of individuals fitiall 
coefiSoient of variability and the percent” 
The budding was done by one operator with’ scions obtained fro* 
ci^^nee orange tree from ith to 12th July 1937. 

Table VI 

Percentage ‘ take ’ arid mean stm diameter and variability at the time 

chinee on nine rootstocks 


of budding 


{Rootstock trial for chinee orange) 


Average 


I stem 
diameter 
at the time 
C'f budding 
(em.) 


CooiScient 

of 

variability 

percent* 


Serial 

No. 


Rootstoek variety 


Number | Date of 
budded | budding 


.Ferceiitgae 
* take ’ 


Ghinee 

KicMU 

Qajanimma 

Qabhu-'Chinee 

Jamberi 

Billi-MchUi 

Piimmelo 

Acid lime 

Mokri 


V.. • 7- — — uonoi}e niati tlie ‘ take ’ is verv hicdi 

varieties except oix ya66?i-c/tmee and on all 

hvDothesis as ® in 1 able VI lurther substant ato this 

conditions as those of the TtW IS- time and under similar 

trial. rootstock varieties included in this 

to tl. 0 » ro£^ 

the measurements of trank thickness nf nil +K ^ wkil© the analysis of 

and of the diameteeand heivM t ^ f of Planting 

time of final olantinv in thf b from the time of budding to the 

nai piantmg in the orchard are presented in TnElan wttt yt t„ 
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Extent of roguing in seed beds has been given in Table V. 
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At 5 per cent level of slguincance 


Eesults regarding the height measurements of chinee orange rootstock varieties and of chinee orange seedlings 

at the time of final pla7iting 

{Orange rootstock trial) 
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the case of diameter measurements of budlings at the time of planting, the 
data have been collected at two different places, one around the rootstock 
stem at one inch below the bud- joint and another around the scion shoot one 
inch above the bud-uniom 

It is evident from these data that among the budded plants, jamberi is the 
most outstanding of ail the rootstocks, since it has not only registered the 
highest increase in diameter of rootstock and scion stems but also has produced 
the largest sized plants at the time of final planting. Though chinee seedlings 
had a relatively poor stem thickness in comparison with other rootstocks 
at the commencement of their orchard life, they had recorded the largest 
trunk thickness increments during the preceding year. The latter feature 
can only be explained by the fact that the retarding influence of budding on 
growth was non-operating in its case. 

BilU-kichili, acid lime, chinee and pummelo have produced the lowest 
sized plants at the time of planting, but trees on chinee rootstock had however 
registered very large growth increments during the preceding year to an extent 
comparable to the plants on jamberi. In respect of the size of the rootstock 
stems at the time of planting, chinee on gajanimma is almost on a par with that 
on jamberi, 

2, Lime rootstock trial 

In Table XII are given the data collected in seedbeds on seedlings of 
rootstocks raised for this trial. 

The percentage ' take ’ obtained by budding the variants during the third 
week of January, as well as the measure of variability in terms of rootstock 
stem diameter are given in Table XIII. 

Table XIII 


Percentage ‘ take ’ of acid lime scion on some roostock variants with the rootstock 

size and variability 


Rootstock variety 

No. of 
variants 
budded 

Date 

of 

budding 

Per- 
centage 
‘ take » 

Average 
diameter 
of stock 
at the 
time 
of 

budding 

3 in height 

(cm.) 

Coeffi. 

cient 

of 

variabi- 

lity 

per cent 

1 Kichili 

52 

18-1-37 

11*64 

0*76 

11*20 

2 Gajanimmi '' 

60 

20-1-37 

64* 00 

1*01 

13*07 

3 J amberi 

60 

22-1-37 

60*00 

1*11 

13*97 

4 Qahhu<hmee 

61 

16-1-37 

17*66 

0*78 

10*27 

6 Acid lime 

26 

21-1-37 

11*64 

0*81 

11*68 


I 


mn 



It IS observea tnat all tne live rootstock varieties have given a lower 
percentage ‘ take ’ with acid lime scions than with scions of chime orange. 
This variation is particularly noticeable on gabbu-chinee acid lime." 

It has also been observed that the period taken for the acid lime buds to sprout 
was markedly greater than that taken by cJiinee buds on similar rootUock 
varieties. These observations appear to point out to the existence of differen- 
tial extent of congeniality in the different combinations of rootstock and scion 
varieties; or in other w'ords, different scion varieties appear to re.spond dif- 
ferently on a given rootstock variety. ^dcacui 

_ As in the rootstock trial for chime orange, the extent of variability in the 
variant seedlings of all the rootstock varieties have been considerably narrow- 
ed down as a result of selection. 

The number of vigorous growing seedling variants selected for budding 
in this experiment was limited, and except in the case of jcmheri and gajanimma, 
the stem diameter records have not been collected as in the case of orange 
scion. The number of the budded variants on gajanimma wns 17 and on 
jamberi 16, and the increase in stem diameter from tlie date of bud-insertion 
on 20th January 1937 to the date of primary transplantation on Kith July 
1937 was 0‘ 88 cm. and O' 82 cm. respectively. 

^ The number of individuals in the modal clas.s of each of the.se rootstock 
varieties along with their central values are given in J’able XIV. 

Table XIV 

JpTopcntion of bcedlings m the modal class toith mean and centTal stem diamsteT 

value 

{Rootstock trial for acid lim es) 


■ 


Serial 

No. 

: Rootstock variety 

1 ' ' ' ' ' ' ' 

^ No. of 
individuals 
in the 
modal 
class 

i 

. Percentage | 
of i- 

seedlings in : 

: the modal : 

. class 

' 

Central 1 

v'uhit* 

dianictfr 

cm. 

Mean 

value 

diameter 

cm. 

1 ' 

Kichili 

228 

39-72 

2-75 : 

2*797 

' 2 ' 

Gafjanimma 

83 * 

• f 

i 

3*583 

3 

Jaiyiheri 

84 * 

■ . * * ■ 


2*274 

4 

Gabbu-'Chinee 

114 ^ 

36-30 

2-75 

2*816 


Acid lime 

120 

4 ( 5-51 

2*75 ' 

2*760 

,,, .... .. 
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Table XV 

Percentage ‘ take ^ with acid lime scion and average stem diameter and variability 

of rootstocks 







Average 

.Coeffi- 






diameter 

cient 




Date 

Per- 

at the 

of . . 

Serial 

Rootstock variety 

Number 

of 

centage 
‘ take ’ 

time 

variabi- 

NoV': 

budded 

budding 

of 

lity 






budding 

percent- 






in cm. 

age 

V . . 1 

Kichili 

50 

16-7-37 

18-0 

2*76 

9-40 

2 

Gajanimma 

50 

18-7-37 

50-0 

3*68 

4-84 

3 

Jamheri 

57 

15-7-37 

42-0 

4-35 

18-00 

4 

Gabbu-chinee 

60 

19-7-37 

16-0 

2-62 

8-68 

5 

Acid lime 

35 

14-7-37 

80-8 

2-86 

i 

11-60 



Due to the limited number of budded individuals on kichili and gabbu-chi- 
nee^ these two rootstock varieties had to be left out of the trial. Uniform and 
healthy budlings of acid lime on the remaining three rootstocks, viz. jamberi, 
gajanimma and acid lime, and seedlings of the same scion parent were finally 
selected and planted out in their permanent orchard sites in October 1938 
according to the layout described already. 

Details of the plant material used, key to treatments, etc. are furnished 
in Table XVI. 

Table XVI 

Key to treatment i details of plant material used, layout^ etc. 

{Rootstock trial for acid limes) 

1. Plot size 60 ft. X 20 ft. (0-0275 acre) 

2. Number of replications 6 


3. Number of trees in each plot 

4. Spacing 

5. Scion material used 


6. Scion performance 

7. Bate of planting 


60 ft. X 20 ft. (0*0275 acre) 

6 

3 

20 feet (square). 

Acid lime ; tree No. 4/6, N- K. Garden ^ 
Kodur 

f Yield Number 

! 

f fruits 

I 1035-36 .... 2,000 

f 1936-37 . . . . 2,500 

20th to 21st October 1938. 


Kootstock variety 

Key 

to 

treat- 

ments 

Bate 

of 

sowing 

Extent 

of 

rogning 

out 

in 

seed- 

beds 

(per cent) 

Bate of 
primary 
transplan- 
tation 

Extent 

of 

rogning 

out 

in 

nursery 

beds 

(per cent) 

Bate 

of 

budding 

Bate of 
second 
transplan- 
tation 

Jamberi 

A 

19-12-35 

Nil 

3-7-30 

40*00 

; 15-7-37 

13-6-38 

Gajanhnnia 

B 

18-11-35 

52-50 

1-7-36 

40*00 

18-7-37 

14-6-38 

Acid liine . 

C 

23-11-35 

14*50 

7-7-36 

40*00 

14-7-37 

14-6-38 

Acid lime (seedl- 
ing) 

1) 

23-11-35 

14*50 

7-7-36 

40-00 


15-6-38 
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Table XIX 

8'U7nma/ry of results regarding height measurements of the plants at the time affinal planting 

{Acid li'tne rootstocJc trial) 


iV] 


EOOf SfQOES foa OHINliJE OUAl^GE .4CIi) LIME 



Conclusion * — ^At 5 per cent level of significance DBG 

(Treatments nnder the same bar do not differ significantly from each other) 
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As in the chinee orange rootstock trial, s^tem diameter and height mea.su!*e- 
meiits of the plants collected at the time of final planting and ^ steni dia- 
meter increments from the time of bndding to that of final planting have 
been analysed, and these are set forth, in Tables XVII — XX. 

These various data make it clear ihdui jamiberl has produced the !argc‘st 
rootstock stem thickness at the time of planting, while aeid lime rootstock has 
produced the least. During the pre-orchard life also the latter has prodiiced 
the smallest growth increments in regard to rootstock stems, but no signifienmt 
difference is evident between it and gajmwvma rootstock. With regard in 
the stem thickness of the seedlings and the scions, it is hmml that jamhfri 
and acid lime seedlings have produced the largest increments at the time 
final planting whereas the plants on acid lime and gajaumma rootstoedvs 
have occupied the lowest ranks. 



r3. Citrus root stiuMes 

The data and observations collected from root excavations carried out 
daring 1936-37 are given in Table XXL 

It is seen from the data presented herein that a eollectiou of Beedlings of 
any of the varieties include plants of difiering rot.)t haliit. 

In spite of this range of variation, certain specific or varietal characters 
are indicated from these data especially in regard to depth of root, the quantity 
and distribution of fibrous and lateral roots, extent of branching of roots and 
the stem : root ratio. From these preliminary studies, the following different 
types of root systems appear to be associated with, difihrent varieties : — 

XicMi :*---Stout but comparatively sliort ktmals ; deeply anchored. 
Branching of roots mainly towards tiie extremities of the main 
tap-roots. Sparsely fibredin the uppeI^soii layers! mi; moderately 
fibrous towards the lower ends. Appears to make relative^ 
dwarf plants in the nursery in proportion to d(q)th of roots. 

Gajanimma : — Very stout tap-root and few laterals on the upper layers, 
but these are well distributed. Noticeably free in seiiding out 
new adventitious roots, .Fairly abundant and well disirii)uted 
fibre throughout the root system. Deep !‘ootcd. 

Jamheri : — Abundance of coarse am! spreading laterals, with a e:<»od 
amount of well distributed fibi‘e. Stout and deeply ancliored 
tap-root. Spread of laterals more marked tlmn in gajanimma 
and hicMli and with more abundant fibre, a good proper! itm of 
which is confined to surface. 

Pummelo : — A compact root system with many strong and spreading 
laterals. Well fibred. Has a short but stout tap-root. Appears 
to have a tendency to grow somewhat horizontally in the uj>per 
layers of soil. Makes fche largest top growth in nursery in pro- 
portion to root depth among all the varieties. 

Acid lime : — ^Medium to small root system. Fibre sparse except towards 
the extremities, where coarse laterals are fairly well supplied 
with fibre. Tap-root thin. 
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PLATE XVIII 


Fig. 1 


Fig. 2 


Fig. 3 


Fig. 4 
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Qabbu-chinee : — The largest tap-root extend iiig up to 189* 8 cm. from 
soil surface was found in this variety. Roots appear bare in 
'comparison' with other vaiieties. The tap-root fairly tliin. 
Sparse and poor spreading laterals with little fibre. 

Sweet orange (chinee) Well balanced root system between medium 
coarse laterals and moderately abundant fibre. Stout tap-root. 
A large proportion of spreading laterals and fibre in upper layers 
of soil. 

BUli-kichili Resembles gabbii-cMnee, except that in tins variety tlie 
roots are less penetrating and have slightly better spreading 
laterals. Fair amount of fibre towards the lo'wer soil layers. 

A point of interest revealed from this study is the enormous depth to 
which the roots of some of the citrus varieties find their way at a very early 
stage of their life in the seed beds. Tlie close planting iji seed beds is undoub- 
tedly the primary cause for this root habit. Since the roots are usually pruned 
to a. depth of 15 to 30 cm. at the time of transplantatioi^.. the study indicates 
the enormous extent of pruning (in one instance as mueli as about ifiO cm.) 


given to the roots. 

In addition to the above-mentioned studieB, 45 more root systems of 
seedlings of difterent varietieKS of citrus were also examined at different periods. 
The observations made on these plants appeared to confirm, in generalj the 
descriptions summarised above. 



In Table XXII are given the percentage of success ul»taincd by traiibs- 
planting the seedlings of these eight different varieties during the same 
year. 

: tabmxxii" 

Percentage, of living plants in different varieties of citrus after transpkmtaUon 


hrom a reference to Tables XXI and XXII and descriptions of root 
systems, it appears possible that the success in transplanting is dependent 
upon the character of the root system. An abundance of fibre in the upper 
soil layer or shallow^ scaffolding of laterals appear to be favourable for ensuring 
a good stand. 


Serial 
, ■No. 

Variety 

Date of 
sowing 

Dat(^ of 
traii.s})la3d - 
ing 

No. of 1 J 

smiling^ 1 
iranHp]ant<'d! 

of 

success 


Kichili . . . 

17-11.30 

27-ti-:{0 

788 ; 

8!) -88 

■ 2 

Gajanimma . . 

17.11.35 


8J2 1 

87*76 

, ^ . i ■ 

Qaganimnia 

18.11.35 

i-7-3r> 

414 i 

86«7i 

4 

Jamberi - 

12-11.35 

25-9.3(i 

738 j 

97-15 

5 

1 Ja?nberi . 

19.12-35 

3-7-30 ^ 

. 84 ^ > 

95-2.9 

6 

1 Pummolu . 

17-12-35 

9-7-30 

42 

MKI-ort 

7 

i Acid lime . 

23-11-35 

J 7-7-30 .. . 

436 

79 ..HO 

8 

Qahbtt-chinev 

24-10-35 

3-7-30 

807 ; 

57-41 

9 

Gahbu-chwee 

24-10.36 

6-7-30 

8B3 j 

.75-42 

10 

Sweet orange [chvmr) 

23-11-36 

9-7-36 

36 ! 

fOO-00 

11 

BUlidicMU 

19-11-36 

i 

8-7-36 

109 j 

64-22 
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f <^0 March 1938 and a<.am during 1938 39 

one budded c;.mee orange plant on each of the eight roofetocks afd aA 'f’ 

sp?eSyTaS'for*thi'^^^ batches of plants 

Slates XVTTT xV^^ |f ™ f ^oarrated for a study of root s4ems 

(plates XVni-XXI). The data coUeoted in the course of form^ mot 

excavations are summarised in Tables XXIII and XXIV. 

^be data furnished in Tables XXIIT and YTTv <>, 
no sufficient to gather an aocmate idea about the SaoSScT 

of the peculiar habits of the unworked or budded plants on any given varietv 
Notwithstanding these limitations, the outstanding difference! observed fn 
these root excavations are considered to be of suffident interest to be sum- 

p""be 

(«) In the case of (/aWw-cAiwee and country sour orange rootstocks, the 
S® bud-sprouts has shown to be even more than the 
is d!!f unworked seedlings. Whether this surprising fact 
if G variation m the individuals or due to invigorating 
ffect ^ these particular stock-scion combinations, it will be 

(h\ nf to clearly state on the basis of the variable data. 

(0) Of aU the varieties, sweet orange has shown the least growth in 
stock both as an unworked seedling and as a root- 

(c) In regard to stem diameter measurements, UdaU has shown rela- 

Ul\ unworked seedlings. 

(d) Ihe total weight of the plants above ground is found to be more 

111 budded plants on country sour orange and jamberi than in 
the unworked seedlings of these varieties. This, again, is at 
present an inexplicable point. Sweet orange, country sour 
orange and hchzh have registered relatively low weight of top 
growth, both in the case of unworked seedlings and when used as 
1‘ootstoeks lor orange. 

(e) K.\ce])t on gajanimma, pummelo and sweet orange, the budded plants 

have penetrated into greater depths of soil than the unworked 
seedlings. luchih, however, has proved to be relatively shaUow 
rooted both as an umvorked seedling and as a rootstock for sweet 
orange, while country sour orange and kJiatta are on the other 
extreme. 

(/) The budded plants on gajanimma and gabbu-cMnee have foraged 
on a large area than the seedlings of these two varieties. Both 
the worked and unworked seedlings of gajanimma and Jchatta 
have recorded relatively large spread of roots, while 
and orange have recorded the least in both cases. 

ig) Kkhili, gabbu-chinee and sweet orange have shown a larger number 
of laterals when employed as rootstocks than as seedlings. The 
number of lateral roots is relatively large on both worked and 
un worked seedlings of jamheri and Tchatta, and relatively small in 
JcicMU, 
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Table XXIV 

Records on root systems of chinee orange ‘plants mi different rootstocks 
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* !rhe rooi system of tMs plant is not normal for the reason given elsewhere. 
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(^) Tile total weight of the roots hay apparent]}’ been (‘oiisiderably 
reduced in worked seedlings of I'haUa, piiminelo and 

. jamberi. Both the worked, and unwor,ked seedlings of hhaUa 
■ a-nd jamberi have produced relatively heavier root systeinsj 
, while kicMU, Bweet orange and eoimtry sonr orange have pro- 
duced relatively lighter roots. 

({.) The weight of fibrous roots is observed to be more on wo;rked seedl- 
ing of gabbu-cMnee than in the case of unv'orked. Marked re- 
duction in the weight of fibre is noticed in the worked seedlings 
of gjjmimfm, pummelo mid jamiberL 

U) i)roportion to the entire root system, tlie fibre is more on worked 
seedlings of gabbii-chinee and puinmelo than on inuvorkcd« The 
proportion of fibrous roots is found to be relatively largo on both 
the worked and un worked seedlings of puniinelo and sweet 
ora,nge; a>nd low in kicMU^ 

(k) In relation to root, .the top-growth has registered larger increase 

on worked seedlings of gahbii-chinee, country sour orange and 
jainberi than on unworked, while it remains the same in the case 
■ ■ ■ of khatta. KicMU has shown a larger top-growtli in proportion 

to root, both as a rootstock as ivell as an unworked seedling, 
while sweet orange has shown proportionately the least top- 
growth in both the classes. 

In the case of KcMf seedling (Plate XX. fig. 1) and the budded orange on 
jamberi (Plate XXI, fig. 4), they were planted close to pits which had 
been dug about six months before their planting. The pits liad been refilled 
a short while before the planting of the trees. The loose media inside theses 
*ts has obviously brought about a marked infiiience on the rr)ot gi’owdli. The 
large increase in the sisse and number of lateral and fibrous roots inside the 
dug-out area, on one side .of the figure as contrasted witli the normal develop- 
ment in the rest of the soil serves to emphasize the considerable iiiflucmce 
that soil conditions exert on the root system of plants. 

■The excavation and study . of .root system was repeated during 1038-30 
and the observations 'collected during that year are set forth in Tables XXV' 

The following inferences seem to be warranted from the data 

(l) Sweet orange has produced the smallest top growth in terms of 
height and stem thickness both as an unwmrked seedling and as a 
rootstock during the two years under study* This observation 
is further confirmed by the data relating to the weight of plants 
above ground level. In this respect, gajanimma, gmmberiyMA 
hhatta would seem to mark the other extreme in producing the 
largest weight of top growth. 

(2) Almost the same position as that mentioned above lias beeii main- 
tained by sweet orange both as an unworked seedling and as a 
rootstock in regard to the depth and spread of roots, total weight 
of roots, weight of coarse roots and weight of fibrous roots, 
whereas jambari^ khatta and gajanimma maintain the premier 

nnRif.inin in ’r»A*vciT»rI Ea f.Eiao/i />Kq 
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(3) As against all other rootstocks and nnworked seedlings, sweet 

orange seedling and rootstock have produced the maximuin 
percentage of fibre in the root system in both the years under 
study as well as possessed a greater root weight in proportion to 
the top weight, KicMli and gajanimma, when employed as 
rootstocks, on the other hand, have produced the least propor- 
tion of fibre in both the years. Pummelo perhaps comes close 
to sweet orange in regard to this character. 

(4) Jmnbm, gajanimma, sweet orange and country orange have regis- 

tered a greater length of lateral roots when employed as root- 
stocks than as unworked seedlings. In a similar manner, 
gajanimma, sweet orange emd kichili have penetrated 
to a greater depth when used as rootstocks. The percentage of 
fibre in budded plants has also been greater on gabbu-cMneey 
khatta, jamberiy gajanim^na and pummelo than on unworked 
seedlings, while a relatively greater weight of roots is observed on 
gabbu-cMneey khatta, sweet orange and HcMi rootstocks than on 
the unworked seedlings of the respective varieties. These 
various instances would seem to show the various directions in 
which the scion probably operates in modifying the inherent 
rooting habit of the seedling rootstocks. 

(5) A maximum depth of 320*00 cm. has been registered by a country 

orange seedling of about 38 months old, while in budded plants 
gajanimma rootstock has shown a maximum depth of 256'' 40 
cm. with the scion of only about 21 -I months of age. Oaja- 
nimmah^B also contributed the largest spread of roots both in 
unworked and budded plants with a maximum of 639' 80 cm. 
and 543. 30 cm. respectively. 

(6) Sweet orange is marked out as the poorest both as a seedling and as 

a rootstock in regard to the depth and foraging power of the root 
system, although as a rootstock it appears to have definitely 
improved its rooting power. Since this variety has consistently 
produced the maximum percentage of fibre and proportionately 
greater root weight, it would seem that its apparently poor 
rooting habit cannot be considered as a disadvantage by feelf, 
and that its inferiority seems to be mainly due to the relatively 
poor top growth during its initial period of life. 

The above observations are of special interest in affording some surprising 
indications of the enormous foraging power of roots of certain citrus varieties. 
The vast difference in the root spread between the plants on various rootstocks 
as eYidenced by the maximum spread of 543*30 cm. on gajanimma of about 
21 1 months of age after budding and the minimum of 246*20 cm. on sweet 
orange of about 23 months of age after budding serve to emphasize the value of 
determining the optimum orchard spacing for oranges of about the same age on 
different rootstocks. That the criterion for judging the suitability of a root- 
stock does not appear to lie solely on the depth or spread of its root system 
but also on the proportion of fibre and root weight relative to shoot weight is 
yet another fact of possible importance indicated from these various studies. 
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It would also appear from a perusal of the foregoing data that thi-rc is a 
wide difference in the root systems of UckM and country orange. This fiiet 

strengthens the popular belief that the,se two are distinct" varieties. 



.Discxtssion 

Of the various rootstocks used in the inve.stigations reported iiei-ein 
useful information on the relative perfornianee of such rootstocks as sour 
orange, sweet orange and rough lemon under diverse conditions of growth and 
culture are already available in citrus literature. To a lesser extent the 
adaptability rootstock effect and incompatibility of pununelo, acid lime and 
C. tangerina Hort. Tanaka as observed in certain countrie.s Jiave also been 
made available by the re.spective workers. A valuable summary of the salient 
points in these various rootstock trials has been prepared by Hatton 119321 
The rootstock trial with c.h.mee. orange scion discussed in this paper includes 
two other citrus rootstock species and one new strain of sweet orange. In neither 
of these cases, any work has been done so far in anv part of the world Since 
these have presumably originated as chance seedlings in this part of India and 
have been observed to withstand neglect and drought conditions to a remark- 
able degree m certain parts of the fVded districts of Madras Province, it is 
considered useful to test their rootstock potentialities along with those of the 

weli-known rootstocks in use 

The soil of the plots in which the present in\a>stigations have been conduct- 
ed being red loam of great depth, the inferences deduced and presented in this 
paper can but be of application only to similar conditions. It is neeessar\' to 
bear this m view, especially whik^ discussing tlu- various facts that have 
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the basis of a study with 100 seed samples vary from those of either of these 
workers. In a vseparate trial with about eighty seeds of cMnee orange, it 
was also found that not a single seed produced more than one seedling. Torres 
[1936] has also shown that the correlation between embryo counts is statis- 
tically insignificant, although he argues that the more embroys the seed 
contains the w’eaker they will be and the less their chance of successful germi- 
nation. In the face of all these various findings, the only valid inference that 
is warranted is that the pummelo is definitely monoembroynic, and the appa- 
rently monoembryonic nature of chinee omngo and mohri may perhaps be due 
either to the variation between the horticultural varieties of sweet orange and 
citron or to the effects wrought by environment in the tree or in seed beds. 

With a variable material as that obtained from seedling rootstock, the 
first problem that confronts the worker initiating the field experiments with 
citrus is that of increasing the uniformity to the maximum extent possible. 
The system of roguing out of the variants and under-sized seedlmgs and selec- 
tion of seedlings from the modal class as practised in these investigations has 
clearly narrowed down or restricted the variability in so far as the quantita- 
tive measurements of growth are concerned. It is to be seen if these measures 
will reduce the variability in respect of tree performance also in later ^T'ears. 

The proportion of seedlings in the modal class are found to be the largest 
in acid lime, jamberi and kichili and least in gajanimma. The under-sized 
and weak seedlings have formed the largest proportion in gajanimma and 
least in acid lime. On an analysis of the graded seedlings after transplantation 
from seed to nursery beds, it is however, found that kichili is the most variable. 
Since a large percentage of seedling variants had been separated out in the case 
of gajanimma and a very large percentage amounting to 43 ■ 34 of under-sized 
and weak seedlings had also been rouged out, it is obvious that high uniformity 
observed in the graded seedlings of this rootstock cannot be considered to 
afford a true index of its inherent variability. Similarly, the uniformity 
of as observed in the final batch of seedlings is due to the larger 

number of variants budded previously and also the high proportion (35* 42 
per cent) of under-sized and weak seedlings rogued out. On the other hand, in 
spite of the separation of a large number of vigorous variants and of 36* 60 per 
cent of under-sized and weak seedlings in kichili, this variety has contributed to 
exhibit a very high variability in the finally graded batch of seedlings. In 
the ease of acid limes, however, the proportion of vigorous variants and of 
weak and under-sized seedlings was relatively small, notwithtanding which 
fact it has exhibited very high uniformity in the finally graded batch of seed- 
lings. These various facts would show that, of the seedling progenies under 
study, acid lime is the least variable and the most variable of all. 

Webber [1932] has recommended that the selection of seedlings in citrus 
nursery should include the discarding of smallest seedlings to the extent of 
about 25 per cent in the seed bed and roguing out of all variant seedlings irres- 
pective of size just prior to the plantings up to an extent of about 5 per cent. 
In general, the process of roguing out of small and under-sized seedlings and 
of variants and a further selection of uniform budlings as adopted in these t rials 
are in conformity with the recommendations of Webber and tend to impart 
the maximum uniformity in the budlings. 
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Both prior to the budding stage as well as till tlie time of plantirig, iln^ 
jambeH rootstock has occupied the; front rank in tlie matter of producing phiiit 
vigour, Oajanimma is^' on a par' with in hotli the ahovc-meiitionc'd 

respects, which fact is also in consonance with the popular experience of i!ic‘ 
growers of this'' variety, .Working with apple trees, Sax and Gowen fl02Jr| 
hai?e shown ihat under- similar conditions, the trees show early and perifianmit 
differences in 'Sfre, and-'these differences apparently depend upon vuriabilipv 
of the seedling rootstocks. As to whether this early revndat.ion of clear differ- 
ences in growth and vigour of seedlings wall furnish, a. cdue to its later beliavimn* 
or performance in the orchard is a point of undoubted intmest, -whieh cannot be 
elucidated at the present stage of these trials, 

-'.-.It must, however, be mentioned that the rate of gr<jWth as w^oll as the 
vigour is a factor likely to be influenced to a considerable extent by the indi- 
vidual parents within a variety. This is borne out from the differential ])rc- 
oreha-rd performances of the sweet orange seedlings of two different parents. 

From the point of the nurseryman and citrus who vroulfl natiirallj" 

welcome a knowledge of certain easily diseei’uible |)lant characici's associated 
witli several aspects ' of the nursery and ondiai'd ojieratioii and performance, 
the data presented in the paper are likely to pmve^ interesting. For instanee, 
it has been brought out that heighi measurmnrnis of seodliiigH do not afford 
any reliable indication of the suitability the secHllings to receive buds, as the 
latter feature is mainly governed by the stejn-fhic-kness of rootstocks. Simi- 
larly, the rate of growth as observetl in any paiiicular period does not furnish 
a reliable clue to the ultimate vigour or si/.c of the plant, as the rate of grow’tli 
has been found in the case; of cMnee seedling duii-ng tlie -lire -orchard life to be 
even more than'the '. more vigorous With regjird to the * take " of 

buds also, no reliable method- is- fumished fi’oin the data presented lierein of 
determ,ining. the suitability, of .the varieties on the basis of their growth or 
vigour, as the varieties that have produced the maximum 'take’ ncfdber 
belong to the most vigorous nor to the least vigorous dass. 

It is observed that hitti-McMU and piimmelo have produced ^ ery biidi 
take ’ of -.sweet -: orange buds at one time and a relatively small ' take ’ at n 
later stage, while gabbu-chinee has produced the least at bolh tiincH. Sinct^ 
t hese results have been obtained only during certain seasons, and since the.r^* Is 
likely to be some variation in the optimum perical for buddnseriioii bcd\M*(‘U 
varieties, these results of bud ' take ’ are not intendcHl to furnish i% (*orres*l 
It is also possible that the period taken to reach i!ie optimum siagt* 
for bud ^ take ’ may differ to a certain extent between varieties, Evidemtc in 
support ot this assumption is afforded from the fact that mokri whii*l'i is 
.Hually considered to produce a very high take ’ in ;Nortli Iiidia has not 
produced similar result in the present trials. These varioxis poiiite neeni io imli- 
(jate^the fact that the^optimum season for budding is not the same for all varie- 
ties in all tracts and in all seasons, 

^ -fhe diffe.rential " take ^ of buds with acid lime and sweet ..orange . scion 
varieties particularly on kicMU rootstock has been clearly brought out fiv>ju 
these mv6st%ations. This has already been shown to establish the fairly well- 
understood phenomenon that different scion varieties respond diffc^rently 
to a given rootstock. 
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The merits of a given rootstock has to be judged not only on the basis of 
vigour and yield but also on its susceptibility to diseases and pests and on the 
extent of its compatibility with the scion variety* Although evidence has 
not been presented in the foregoing pages on the former factor, field observa- 
tions have, however, revealed that gajanimma is the most susceptible of ail the 
rootstocks to gummosis and pummelo and acid limes probably to wdthertip 
and canker respectively. Regarding the compatibility it is too premature to 
deduce any inferences, although the slight differences between the rootstock 
and scion-stem girth measurements seem to afford some preliminary indica- 
tions of partial incompatibility. With the collection of such measurements in 
future years it is expected that a more definite idea would become available. 

; It is recognised that the number of individuals excavated in each variety 

; for the purpose of root studies are limited and, therefore, definite inferences 

are not warranted on the basis of the data gathered from these investigations. 
It has to be remembered, however, that in an investigation of this type, prac- 
tical difficulties in the way of handling large populations within a reasonably 
short period are enormous, which fact also rules out the observance of identical 
conditions for the conduct of these studies. It is on these grounds that the 
extensive literature comprising results often based on the studies of root systems 
of a single individual can be justified. A further evidence in support of the 
justification of these studies of root systems and of the inferences drawn there- 
from are afforded by the findings of Swarbrick and Roberts [1928] that trees 
budded on the stems of seedlings have roots which are typical of the different 
seedlings. 

Apart from the several interesting peculiarities of the varieties in regard 
to their root habits, certain valuable observations and inferences of practical 
value have emerged from these studies. The correlation between the success 
in transplantation of seedlings and the abundance of fibre in the upper soil 
layer or the existence of shallow’^ scaffolding laterals is one such information to 
guide the growers in determining the optimum period of transplantation. If 
the varieties with low proportion of fibre in upper soil layers are transplanted 
in early stages, the chances of higher mortality of seedlings are necessarily 
great. On the other hand, the same seedlings if allowed to remain in seed beds 
for a longer period to produce more fibre or shallow laterals the success in 
transplantation becomes greater. 

The enormous foraging power of roots of certain varieties as evidenced by 
the maximum depth of 189 8 cm. of about a ten -months-old 
seedling and of 320*00 cm. of a 38-months-old seedling of country orange and 
of 256 * 40 cm. of a budded orange plant on gajammma alter about 21 J montlis 
of bud-insertion are sufficient to show the enormous area covered by the citrus 
roots in soils of fairly open texture. This fact is further brought out from the 
data relating to the spread of roots, which in the gajanimma seedling referred 
to above had reached the maximum of 639* 80 cm. and in the budded plant 
o!i the same rootstock to 543* 30 cm. 

The above observations are not exactly in accord in some important res- 
pects with those made by other workers elsewhere. Way nick and Webber 
[1930] have stated that in North America about 90 per cent of the active root- 
ing area of citrus is in the upper 48 in. of the soil. West [1934] in Australia 
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liaB, oil the other hand,- found that the greatest concentration of roots <^f citrus 
on rough lemon rootstock was' at 30 to 50 cm. from the soil surfacau Ailwright- 
[1935] has judged that in a 14. year old Washington Nava! orange pfarOuticun 
three-quarterS' of tho' roots of the trees were in the top two and wry few 
deeper than three feet. Gregory [1935] in Trinklacl has foiincithaf tie* njajoriiy 
of the feeding roots in three year old Marsh grapefruit t]*( es v\(*ic ai a distaiKa* 
of 3-18 in. from the trunlc. In theasarae study, Gr{‘gorv has sltown that tin* 
lateral spread of manured trees exceeds the a.verag(^ spnaid of tlu' hra!ich(‘s, 
which was 42 in. He therefore proceeds to suggest that tin.' fertalizei’s siuudd 
be spread eyenly oTer a wide circie starting 3 in. from the ti‘unk. On th(‘ i.aisis 
of other published wwks, Gandhi [1939 ] has also pointed out that ilu‘ roots of 
citrus are capable of extending to a distance of two to three times the spread of 
branches. The data presented in this paper clearly suggc'st that trc^c^ spix^ad is 
not a reliable index of the feeding area of the roots, whicdi, though depending 
on the variety of rootstock, nevertheless covers a very much iiirger orcluiixi 
space than that actually encompassed l>y the top-growth. lliat tlu? spread, of 
apple roots in sandy soils is twice to thr(*e tiin(‘s as far as the branches has also 
been pointed out by Rogers [1934]. and Rogers and V 3 W^yan [1934], wlio luux* 
consequently emphasized the necessity ha* manuring w'eJl beyond the spread 
of the branches. Cultivating onty in a small circle round the tree and appli- 
cation of manures in a limited space have also heem pointixl by Husa [ 1 934] to be 
responsible for restricting the a}>sorbing root aivn. Provision of small l)asins 
of two to three feet wide around the tree trunk for application of w’ater and ferti- 
lizers, as is usually done in the janing citrus plantations in this tract is, there- 
fore, hardly sufficient to give the full benefit of these treatments to the growing- 
tree. Nor will the determination of proper spacing merely on tlu^ basis of 
spread of branches will prevent rt)of interlacing and tlu^ consequent eompotition 
between adjoining trees for soil moisture and nutrients. A deiiniti^ alteration 
in citrus cultural practices, especaally in the mattcu* of spacing of trees. Rpffhea- 
tion of water and fertilizers, are therefore indicatcxl under similar soil ctmdil ions 
as those employed in the prescuit investigations. 

On a consideration of all the relevant charactc*rs as luoughi out from the 
present studies of the pre-orchard life of the various rootstocks, it would seem 
that is the most vsuitable rootstock for chinee orange and acid lime. Tins 

variety has produced the highest germination, largest nuinl>er of apogami^* 
seedlings, a verj’' high proportion of vigorous variants ready for fmdding 
within a year from sowing, a very large proportion of seedlings in the modal 
class and a very high ' take ' of orange and acid lime buds in difhu'ent s(Nison>. 
The seedlings also transplant well and make a good stand in nurserj' IxmIs. 
The root system is wtII distributed, possessing an abundant tibre and 
good depth. The scions also grow very vigorously during the pre-orchard life. 
Furthermore, the variety has not shown signs of susceptibility to any of 
the more important citrus diseases. Oajanimma though has shown to be a 
virgorous rootstock suffers from such serious defects as poor germination, 
relatively low proportion of seedlings in the modal class indicating high vari- 
ability and a high susceptibility to gummosis. Pummelo, being mcmoeiiibr- 
yonic, cannot possibly find favour m a rootstock. It has further produced 
varying percentages of * take with scion buds and is possibly susceptible 
to withertip disease. The varying * take ^ of buds on bilU-kicMU^ poor 
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transplanting and the low proportion of vigorous seedlings variants are the 

defects which rule out this variety from the class of suitable rootstocks. Low 

percentage of apogaraic seedlings and varying ‘ take ’ of scion buds are 

defects in mokri, while gabh^i-cMnm mexitB no consideration, because of its poor 

‘ take ’ of both orange and acid lime buds, relatively low production of 

apogamic seedlings and poor transplanting habit possibly due to its bare root 

system in early stages. The production of abnormally deep root system in 

seedlings of this variety is, however, a character of some value, which deserves 

to be exploited. Chinee orange is very slow in grow'th both before and after 

working, besides producing a poor germination and its non or low production of 

apogamic seedlings. Its relatively higher weight of root relative to top growth, 

easy transplantation and well-balanced root system are, however, points that 

require to be considered in its favour. Kichili has shown a poor •' take ’ 

with acid lime scion and has also not produced a very high germination of ; 

seeds or a high uniformity in seedlings. It has also sparse fibre in the root i 

system in early stages. But for these few defects and possibly its relatively 

slow growth in the beginning, this rootstock can well be classed as one among 

the desirable. The data relating to herale is not comprehensive enough, even 

though its defects in the matter of poor germination and low percentage of 

apogamic seedlings have been brought out. Acid lime has been found to be 

susceptible to canker and to be not so easy for transplantation as tine jamberi 

nor as efficient in producing vigour in the budlings. In other respects, it ! 

obviously po.ssesses most of the favourable characters of a good rootstock. 

The foregoing evaluation of the rootstocks cannot possibly furnish any 
clue to their future orchard performance. Nevertheless, the"^ information M 

presented in this paper is essential for a complete understanding of the prob- 
lem of rootstock-scion relationship in cultivated citrus. It is on these grounds 
that the author ventures to present these results to the citrus-growing public 
and the research w'orkers in this field. 

Summary • 

(1) has uniformly produced the highest germination in seed bed 
and is closely followed by pummelo, while chinee orange, Imrile and gajanimma 
have been found to produce relatively poor germination. 

(2) The percentage of apogamic seedlings actually obtained in seed beds 
has been found to be the largest in jamberi, gajanimma, kichili and acid lime, 
while it was relatively low' in herale and gabbu-chinee. Pummelo has proved to 
be distinctly raonoembryonic. 

(3) The proportion of vigorous growing variants that becomes available 
for budding w'ithin a year after sowing is found to be the largest in jamberi, 
gajanimma, mokri and HcS-iK and relatively small in chinee orange, billi- 
kichili, gabbu-chinee and acid lime. For expediting the production of budded 

citru.s plants, jamberi and pajaremma appear to furnish the most suitable ' 

material. | 

(4) Within a year after sowing, the size of seedling rootstocks as judged I 

by their height and stem diameter measurements has been found to be the 

largest in jamberi and gajanimma and least in chinee orange and billi-kichili. 

(5) The height measurements of the plants, do not seem to afford a reliable 
index of the suitability of the seedling rootstocks to receive buds. 
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(6) Tlie rate of growth in seed beds appears to be influenced to a consid- 
erable extent by the individual parent and not the variety or the species. 

(7) The differential Hake’ of buds on hilli-l'icMli when worked at two 
different periods of growth establishes the fact that the optiiniini period for 
bud-insertion varies with the different ixiotstoeks. and may also vary in differ- 
ent tracts and seasons. 

(8) Jamberi and gajanimma, have produced invariably very high ^ take ' 

ofbuds while has shown relatively low hud ' take k 

(9) Different scion varieties are found to resjiond differently on a given 
rootstock variety in regard to bud ' take ’ ; and acid limes in general luive 
contributed to a lower ‘ take ’ of buds than the chime, orange scion. 

(10) Acid lime has proved to be the least variable and kichili the most 
variable of the rootstocks under study. 

(11) The repeated selection of plants 1ms been found to be effi(*aeiouH in 
restricting the variability of citrus seedling rootstocks. 

(12) Although no definite idea about the j’ootstoek-seion compatibility 

has been revealed from the data, it is liow'cver indicated that, piioimelo and 
gajanimma have produced relatively large i’ rootstock stem thickness than those 
of scion stems, while has produced tire mvrrowest margin between these 

two measurements. 

(13) With sdon, jamberi has registered the highest growlh incre- 

ments from seedling to planting stage and has also produced the largest sized 
plants at the commencement of orchanl life. 

(14) Although chinee seedlings were the lowest sized at the time of plant- 
ing, they have recorded larger girth increment <luring j)rc-orchard life, possibly 
because of the fact that the inhibitive effect of IriKl-insertion has been non- 
operating in its case. 

(15) During pre-orchard life, pummelo hMU-^lcichiU and acid linre have 
produced least growth increments. 

(16) Gajanimma as a rootstock is on a |)ar with jawheri in respect of 
contribution to scion vigour at the eonimeneement. of orchard life. 

(17) With acid lime scion also, jamberi has produced the largest stem 
thickness, while acid lime the least at the time of planting. 

(18) Notwithstanding the fact that individualB within a variety p(,)ssess 
root systems of widely differing characteristic's, certain specific or varietal 
characters have been brought out from the root studies ami presented in the 
foregoing pages, 

(19) The enormous depth to which the seedling root penetrates at a very 
early stage of its life has been emphasized and the ciiormous extent of ruoi- 
pruning done at the time of transplantation indicated. 

(20) Success in transplanting of seedlings has been shown to be dependent 
on the character of the root system* An abundance of fibre in upper soil 
layers or of shallow scaffolding laterals have been pointed out to be favouraf)le 
for ensuring a good stand. 

(21) From a consideration of the root systems of worked and un worked 
STOdliiigs, the possible directions in which the scion modifies be rooting habits 
of the seedling rootstock has been indicated. 
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(22) That the merits of a seedling rootstock cannot be judged solely on the 
depth and foraging power of root system but should also be based on. the pro- 
portion of fibre and of root-weight are points that have been made clear 
from the present studies. 

(23) The enormous variation in the area combed by the root systems of 
different varieties when grown as seedlings or as rootstocks even at a very early 
stage of the plant life, as well as the vast extent covered by the roots at such 
an early stage, serve to emphasize the necessity of determining separately the 
optimum orchard spacing for cAmcc orange worked on different rootstocks on 
the basis of root studies. These also indicate that the popular practice of ap- 
plying irrigation water and fertilizers in a small area around the plant is not 
adequate to meet the entire needs of the plant concerned. 
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STEM WmYlL, PEMPHERES JFEIMS EST., EROAJ 
SOUTH INDIA, AND ITS PARASITK! 
ASSOCIATES 



P. N. KRISHNA A V\AH 

PafruiMogist^ Agrk 

(Received foi' publica! ion Oil !i> .May 1938} 

(With I’ktas XXlt-XXVil) 

Inteobuctiox 

T he alternate food plants of Pem^j/iere-s «//(«/« iiavf recently been receiviiiff 
some attention primarily with the ohjeet of limlin^f any ni-u and pi’umis- 
ing parasites. Investigation prior to tlie iiieepti(»n of flie present- studies 
had largely tended to discount the importance of tlii> aspect of studv. This is 
evident from a statement in one of the latest [»uhlieati(jns on tlie subject 
[Dharmarajalii, 1934] namely, that the ‘ insect is unable to breed, leaving a 
few Corr/ioras plants, on any plant other than cotton.’ Data in .support of this 
conclusion were, however, lacking. On the other hand, aji (au-lier publication 
[Ballard, 1922] has furnished a fair numlK’r of plants undei' the head. In the 
face of these conflicting opinions, a systematic survey though limited to the 
immediate neighbourhood c»f Ooirab;itore was carrieci out for ver\' nearh' a 
year. In the course of such a survey, ntimei’ou.-, cultivated plants and weeds 
growing in and around cotton lields have been re|)ea1edly {“.xamini'd mouth after 
month and the data gathered .served to bring to light a large number of food 
plants. Many of the plants noted, freely admit "of profuse breeding of the 
weevil and a few constituted new records. 1lu‘ infest utic ms in somc( wt-re 
so heavy, varied and widespread"* that the problem graduallv a.e(iiiii'ed a 
new interest. The search was therefore reeentlv e.xtended to a few adjoin- 
ing h)calities including a few hill tracts and forest areas far away from etktoii 
cultivation. This extended survey has resulted in hritiging into promineuee. 
among others, one particular specie.s of food plant, namely,' Triumfi tla r/mw- 
boidea which forms the subject of this short paper. I'his’speeies has revcided 
a phenomenally high percentage of weevil infe.station and parasitism. Hiougii 
Tnumfelta sp. has been previously listed among food plants [Fletcher. 1919 : 
Ballard, 1922], the species was for the first time observed l.y the 

writer to harboixr this weevil during January 1937 when a small eollecf-ion 
was made in Telugupalayam in the vicinity of Coimbatore. 

The plant and its dint ribuf ion 

Tniimfdta r/w»i/;oidea Jacq.— Tihaceae (Tamil adai otii, Hindi chikti, 

..Fiat© XXII) is a . coaiiiion herbacciis undorsliriib widely distributed in tlie 

A comprelioiwivH a,ccourit of aU sueli plaiitB ii^ re.servod for a future pubiication 
•when matter becomes ripe for the same. 
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hills and plains throughout the tropical and sub-tropical India from the 
Himalayas to Cape Comorin ranging up to an elevation of 4,000 feet. In this 
province it enjoys a fairly even distribution in all the districts as seen from 
the collections in the herbarium.* The plants generally lie scattered among a 
varied vegetation and occur in very diversified situations. The species 
has been noted to be a common inhabitant of uncultivated waste places, 
weed areas near villages, along river and canal banlis, outskirts of coconut 
and arecanut topes, borders of fields, fencings of gardens and compounds, 
roadsides and extends to forest regions and hill slopes. It seldom grows over 
three or four feet in height and has been taken from all localities in the vicinity 
of Coimbatore within a radius of seven or eight miles, such as Telugupalayam, 
Vedapatti, Vadavalh, Perur, Mathampatty, Chittraichavadi, Kuniammuthur, 
Singanellore, Thondamuthur, etc. Large collections have been occasionally 
made from distant places like Irittupallam, Siruvani hills, Thadagam and 
Dhoomanur, Kallar, Wallayar and Dhone valley (Malabar). Ihe species 
cannot be considered to be of any great economic importance. Previous 
literature lists Triumfetta sp. among alternate food plants. But no data 
of any kind in regard to the exact species, locality, nature and extent of in- 
festation or its parasitic fauna are available. Such data are highly important 
and necessary, particularly because another common species of the genus , 
namely, T. rotundifoUa even more widely distributed and abundantly met 
with everywhere, on repeated examination, has been found to be singularly 
free from infestations. 

Mode of attach and nature of habitat 

Pempheres infestation in this plant has been repeatedly observed to be 
so severe that there seems to be ample justification in considering it as the 
most favourite food plant. The nature of the plant and the nutrition afford- 
ed largely determine its attractiveness to the insect besides having an important 
bearing on its development and multipheation. The attack here is not res- 
tricted, as in other plants like cotton, to any particular parts of the plant 
like the hypocotyl region but is more or less uniformly distributed throughout 
all portions of the herb from the upper portions of the roots, along aU regions 
of the stem extending to even secondary branches with the exception of very 
slender ones lacking m the requisite minimum thickness (say less than 2 mm.). 
No doubt the age and size of the plant and the nature and thickness of the 
stem, to some extent, govern the heaviness of infestation. It is generally 
the older plants that are more heavily attacked, the younger ones showing 
comparatively lighter infestations. In these plants, particularly older ones, 
numerous stages representing every developmental instar are met with simul- 
taneously, demonstrating that the plant is acceptable as food for successive 
generations. It also shows that considerable overlapping of broods takes 
place and heavy populations are rapidly built up by continuous multiplica- 
tion. The density of population in the species seems to grow until its maxi, 
mum capacity is overreached and the plant is killed by sheer abundance of 
attacks. Though apparently there is a general similarity in the method of 

*The writer is indebted to the Systematic Botanist’s section for tbe identification, of this 
and several other species* 
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attack in this species and cotton, a few marked divergences in some parti- 
culars may be noted. Some minor deviations may be noted even in the 
matter of oviposition. The eggs are not much sunk in the bark but are nearer 
the surface than in the case of cotton, probably due to the fact that the bark 
here is comparatively much thinner. The newly hatched minute; gi-ub first 
mines encircling the stem or branch for a short while but quickly migrates 
into the deeper woody tissue and consistently resides and tunnels in the 
central pith region where it eventually transfoi-ms iisedf into a prt'pupa and 
pupa. This is greatly facilitated by the somewhat succulent aiid fleshy 
character of the woody tissue as well as the comparative softnc.ss of the stem 
which is pithy though not hollow. The food value and nutrition afforded 
appear to be extremely conducive as evidenced by the healthy and robust 
nature and large sizes of several instars. The grubs are creamy white, robust, 
and active with strong dark brown mandibles. The prepupae and pupae 
are proportionately bulkier. The adults developed appear to be giants in 
comparison with those in cotton or other food plants and are occasionally a 
shade darker. Oviposition also seems to be profuse a.s seen from a few trials. 
The mechanical damage caused to the host plant is certainly greater but the 
repair and recuperation effected by the plant is quicker as .seen from the 
numerous large-sized galls developed in all parts of the plant including branches. 
That the weevil develops .successfully and emerges with ea.se may Imj evident 
from the fact that the stem and branches are literally covered and riddled with 
conspicuous and large adult emergence apertures. As large a number as 1 27 
galls and 180 emergence apertures has been recorded on a single plant in 
September 1937. 

Comparison mth other food plants 

The weevil has been observed during the present investigation to breed 
in a number of other plants .such as Sida acuUi, Sidu rhomhifoliu, Sidir 
gluUnosa, Corchrus oUtorius, Urena IdmUf. Hibmm atifoHm, Mnlraslnnn 
coromandelianum. Cultivated plants include H. esmleniiis. //. cumiabituis, 
and Althaea rosea. In none of these including its primary host, cotton, has 
the insect been noted to increase to the extent usually found in T. rhomhoidea. 
Among these a species of Sida requires special mention. Sida am to occurs 
often in similar situations and associations as T. rhornboidea and is compara- 
tively widespread. There is considerable similarity between the two species 
in the mode of attack and course of tunnelling in that the stages are met with 
in the greater portion of the stem and migrate into the central region of the 
stem, but it cannot stand comparison with T. rhomhoidea either in degree of 
infestation, hugeness of population, in the sizes of stages or in the o.xtent of 
parasitism. The plant is much more woody and hard and the stages do not 
find it suitable for growth and emergence. Eitlier the attack is less severe 
or enormous mortality and elimination of stages occur in this host. Galls 
are rarely developed and emergence apertures much fewer. The grubs arc 
very often lean, discoloured being pinkish or dusky and a proportion inclusive 
of adults i.H found dead in situ apparently unable to emerge. In point of size 
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Ecological features of the habitat 

With the present knowledge based on a limited survey of its distribution 
and infestation, a comprehensive discussion of the environmental characteris- 
tics of the habitat cannot be attempted. The infestation has been no doubt 
observed in a fairly wide range of situations and a variety of conditions. 
It has been noted though in varying degrees, alike in places with moderate 
rainfall like Cbimbatore and suburbs and others with excessive rainfall such 
as Wallayar and Dhone valley in Malabar. It occurs also in great elevations 

► like Siruvani and Mankarai. In drier tracts, infestations are confined to 
shady, damp localities along water courses or similar moist situations. One 
general observation that emerges from the studies is that moisture plays an 
important part in the occurrence and abundance of the weevil infestations, 
whatever may be the divergences in other features climatic, physical or biolo- 
gical. 

Intensity of infestations 

Observations recorded for the last ten months from a variety of localities 
serve to illustrate the extent of infestation, population densities and seasonal 
variations. It is never evenly or uniformly distributed in all localities. Much 
variation occurs even in plants taken from different situations in the same 
locality. Striking differences exist in plants from the same situation in 

► accordance with variation in age and size of the plants. The general rate of 
infestation for the past ten months oscillated between 42 and 100 per cent 
averaging about 77 per cent for the entire period. Places like Thondamuthur 
and Irittupallam have shown consistently high percentage in infestations 
as well as parasitism. More striking are the data obtained regarding the 
populations for a locality or for an individual plant. From data recorded 
for the last two years for cotton, the average population has seldom risen 
over four or five per plant even in heavily infested fields. Whereas T, rhom- 
boidea has often displayed as high a number as ten or more individuals per 
plant. Judging from the egg-laying capacity of the weevil (a maximum of 
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121 per feinale) the biotic potential is not very liigh. Other ciivironnKMilal 
factors remaining constant any marked variations in (he insect popnlatiun, 
therefore, may he governed by the suitability of (lie host spe(;ies. Weevil 
population data recorded for this plant. ther(‘fore. indicate a hi'/li p eferenee 
for this plant species. Table I presents Mu; pci'centage infbstat ion and 
populations per 100 plants noted in f'oimbatorc and its environs for the lust 
ten months. 

M localities so far explored have shown appreeiaitle inl'eslation t iioiigh t in- 
severity of attack varied in different localities. <»ne of the reason'- for >iie!i 
variations may be attributed to the relativi alinn<!ane<“ or st areii v and sca!t<T 
ed nature of the distribution of I he food plant. Localities like Dhone, Wallavar 
and Kallar where large patches of the plants a?v se<‘ii to occur in ei-rfain situa- 
tions, showed that the populations get more evenly diri ributed. 'fable II 
below provides data in relation to dilferent localities. 
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Ihc infestiition in individual plants within tl)e same 
varied so givatly that a general average figure of pen 
five population fails to convey any accurate idea of the 
to harbour Inavy population. The following table ps 
niaximuin nun ber of infestations carried by individual 
oi the past ten months. The composition and represe 
ne live populations may also be noted from the table, 
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Table III 
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Pakasitism 

This plant has provided the bulk of the weevil parasite material not 
collected in cotton. Thex-e are about seven species belonging to Braconidae 
and Chalcidoidea besides a parasitic nematode which definite y parasitize 
the weevil in this plant. The majority of these parasites (all except one 
species) are absent at present in cotton areas and constitute new records on 
Pe'i^'phe.fes. All are primary in character and confine their attention to weevil 
larvae j particularly the mature grubs. In this connectionv the absence of 
any species parasitizing the prepupae and pupae is keenly felt since such 
stages, being found in the deeper tissues of the stem and well protected, are 
little affected by other factors. Earlier stages such as eggs and grubs being 
very delicate and sensitive to desiccation are naturally eliminated to some 
extent by various ecological factors. No hyperparasites have so far been 
noted. There is one species among these which is endophagous. Some of 
these parasites seem to be efficient provided they can be successfully intro- 
duced in cotton areas. Their utility will depend upon their ability to establish, 
multiply and spread in the new habitat of cotton fields. This aspect of the 
problem is a new development and appears to be full of promise. 

The rate of parasitism varied considerably in different regions. A maxi- 
mum. percentage parasitization of 14* 5 for the entire area has been recorded 
but certain situations in the same locality showed a much higher rate. One 
plant for instance from Mathampatty having about 110 live stages yielded 
27 parasites which works up to 25 per cent parasitism. 

PaBASITIG FAUNA 

The following species have Been noted to be parasitic on Pempheres in 
association with this food plant 

Cluilcidoidea Braconidae 

1. Dinarnviis coimbatorensis Few, 4. Spathius labdacus Nixon 
'2, Entcdon pempheridis Few, 

3 . Bruchocida orientalis Crawfi . , G, Ehacomtus cleanthes Nixon 

1 . Bhaconotus menippus 'Mixon 






Triumfetta rhomboidea — ^typical heavily infested plant 
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completely consumes the host grub and assumes a robust rounded body with 
a distinct brownish head before it transforms into a prepupa ( Plate XXITI, figs. 
3, 4, 5). It has also been recovered from Pempkeres infesting several other 
alternate food plants as also from HypoUxtis immcatidm in amaranthus. 
It is absent from . cotton fields. The life-cycle varies from 17 to 21 days 
made up of one or two days as egg, six to eight as larva, one to three 
days as prepupa and 10 to 10| days as pupa. Adult longevity reached a 
maximum of 42 days averaging 23 days for four individuals with a daily supply 
of honey solution or raisin as food. In a proportion of cases, adults have' 
been noted dead in situ in stems and pupae fail to develop into adults 
particularly in Sida acuta. The species has been collected from Malabar, 
Wallayar, Thadagam, Coimbatore and Siruvani. Since the species attacks 
Pempheres in cotton stalks in cages, there seems to be no reason why it should 
not establish itself in cotton fields. 

Entedon pempJieridis Ferr, (Plate XXI V).~This is a metallic blue and 
green Chalcidoid with an average length of 2*5 mm, ut varying from 1*5 
mm. to 3*5 mm. in length. The species has been recently described by 
Pcirriere [1939]. 

This species has been the most numerous among the parasites from alter- 
nate food plants. The species has been taken in small numbers occasionally 
from other plants like (7. olitorius, Malvastrum corommidelianum and Sida 
acuta. It has been also noted to parasitize, to a small extent, other weevil 
grubs like Ai5m??. sp. in C. oUtorim, Lobotrachelus in Hibiscus manihot. A 
single male specimen has been recovered from Hyp^oUxus iruncatulus m amaran- 
thus. It is totally absent in cotton fields. It enjoys a wide distribution 
having been collected from Malabar, Wallayar, Thadagam, Siruvani and 
Coimbatore and suburbs. This is also a primary larval parasite. This seems 
to be the only endophagous parasite so far met with in The 

egg, larval and a portion of prepupal stages are spent inside a full-grown 

host grub. The host grub is not paralysed by oviposition. It seems to be 
apparently healthy, normal and unaffected, and tolerably active for a day 
or two until the parasite larva is hatched and begins to feed on the fluid con- 
tents of the body cavity in the initial stages. As the larva grows, it begins 
to feed on the internal organs and the activity of the host grubs gets more 
and more diminished. Probably only one egg is laid in each host as not more 
than one parasite larva has been noticed inside a single host stage and only 
one adult has been seen to develop from one host. The parasite larvae have 
been dissected out in a number of instances in varying stages of growth (Plate 
XXIV). These are milky white, flattened, leaf -like until they are full 

grown. When they get full grown the entire contents of the host grub are 

consumed leaving only a thin cuticular sac-like covering. The larva grows 
rapidly and assumes a robust cylindrical form filling up the cuticular bag 
and causing it to bulge out due to pressure of the growing parasite from inside. 
As it develops into a prepupa, the distended and weakened cuticular covering 
is unable to retain it, gets dry, cracks and crumbles leaving the parasite ex- 
posed. The parasite soon pupates naked and assumes a jet black colour 
No trace of the host may be seen except the small hard mandibular remains. 
The pupal period ranges from 8 to 12 days averaging 11 days for about 40 





inoivicmais. me egg Has not been noted except in a rloiiJjtiiii instance. 
The entire development has been accomplishctl in captivity, d’lu^ duration 
of egg and larval period has not been accurately dot ermineii ini( from ;'i few 
observations it may be said roughly to vary from 8 to U da%-s. 'I'iic e(.;jr 
period lasts probably only for a day. I’he P<’i’iod nmv extemd lo 

even three days. The adults are strongly holiotropic beiii" founfi t o crovd to 
wards the end of the tube directed to suiiliglit. Adult 'ionw'viA- uil h rai^ni 
as food has risen up to 18 days. Tlu^ extent of parasiti.^m bv ti;o -■.cci'es is 
seen to be the highest and the para.sitc appears to posses,', eonsiderabie po-.i- 
bilities if only it would accommodate it.self in eoitmi (ields. As large a nunibp!- 
as 10.3 individuals (consisting of i) adults, !)3 |)U|)ae and one full-i.m.wn'larva) 
were obtained from this food plant in SeptenilK’r 1!I37. A nia.viinuui iiumbcu' 
of 11 parasites has been recovered from one sinok. plant. 

Bruchocida orientalis Craw'ford.— There is oml\- one s<,iitar\- inst-mee 
when this species was collected. This was recovered as a pupa Iroiii a maluro 
grub of Pempheres in Triunifata rhomhoJdta in Perur (hi 7th dui\- ]<i;!7. 'I hi,-- 
emerged as an adult female on 12 July, li*37. ’i’h<‘ adult w.is eomuarativelv 
large sized with a dark head and metallic blue and green bodv I’Jie ovl- 
positor was fairly conspicuous with a yellow brown colour .-tiHl dark tip d’he 
female Wed m captivity for a period of 2i day.s with a .supp1\- of soiu'- 

tion. Lt also pa.ralysed about .seven Pni‘p}irff.‘i grulo provided in oag(‘.s but 
ftomBanoSr^^^^^^^^ fe(;orded as parasitic on /four/o,,s chincmis 

_ Is a ,l,.„aer elongate reddish brown 

insect about 2 to 3 mm. m length with a dark alaioinen and vestigial wino-s 
VVmge! fornis^ arc occasionally found to occur i,, both tin- « ves but nuaJ 
often among females. This is a common parasite wliudi has hcim recovci-ed 
m association with most food plants, including cotton. It is an cctopiuigou,- 
auua parasite attacking mature gndis ami rarely medium .sizmi ones aKo 
It lends itsef to breeding and multiplication in captivitv not onlv on /Vm 
pimes but also on .siioh .subsidiarv hosts liL-o . J " 
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This is a winged species with a long ovipositor, the longest of al! 
known Pempheres parasites. This was for the first time taken in. September 
1937, when about 16 individuals were recovered either as larvae or as cocoons. 

I n October as many as 26 have been obtained. It has been successfully 
bred in the laboratory and the life history more or less elucidated. It is a 
larval primary ectophagous parasite. It prefers healthy noieparasitised, 
full-grown host grubs and lays one egg (rarely two) on any part of the host 
body after it is rendered inactive by complete paralyzation. The egg (Plate 
XXV, fig, 2) is translucent elongate, cigar shaped and curved with extremities 
rounded. The cephalic end is much broader than eaiidal end. A maximum 
of two eggs has been noted per day per female. The egg-laying capacity in 
captivity has seldom risen over ten per female in cages. Parthenogenetic re- 
production is fairly common, the resulting progeny being invariably males. 
The preoviposition period ranged from 3 to 12 days ordinarily and in som e 
cases seemed to be considerably prolonged particularly in parthenogenetic 
cases where a maximum of 33 days has been recorded. Incubation period 
varied from 1 to 2 days averaging 14 days for 11 cases. Larval period varied 
from 4 to 6 days averaging 4 4 days for 11 cases. The full-grown larva (Plate 
XXV, figs. 3, 4) which is robust having clearly marked prominent urate cells, 
spins usually a cocoon before pupation. The prepupal and pupal periods 
ranged from 13 days to 16 days averaging 14 days for 8 individuals. The 
prepupal period alone ranged from 2 to 3 days averaging 2*3 days for 4 
cases. The total life-cycle period varied from 17 to 22 days according to the 
season and fluctuations in temperature. The life period was seen prolonged 
in cooler months, namely November to Pebriiary. The males have a slight ly 
shorter life-cycle period than females, averaging 21 days for females and 19 
days for males. The adult longevity reached a maximum of 73 days with 
honey solution or raisin but averaged 61 days for 5 individuals. This seems 
to be one of the most promising species. It is a large winged species and has 
greater potentiality than the smaller wingless SpalUus. Above all it has a 
much longer ovipositor which can xiierce and penetmte deeper into the stem 
and grubs which have tunnelled even into the central regions of the stem 
become accessible to the species. It has been recov*e.red so far onlv in 
association with Triumfetta rhomboidea. It remains to be seen if the same 
will adapt itself to the environment of cotton fields, 

Rhaconoius cleanthes Nixon (Plato XXVI).— This is a reddish brown 
Branconid varying in length from 2-2 to 4-5 mm. Nixon [1939] has des- 
' cribed the new species.. 

This slender winged Braconid with an average length of 4 mm. has 
been recovered from Tmmifetta rhomboidea during October 1937. Only a 
few cases of parasitism by the species in this food plant have come to the 
notice. The species has also been occasionally noted and taken from the same 
insect host from Sida acuta in Dhone and Kuniamuthiir, It lends itself to 
artificial breeding in captivity to a certain extent. This is also a primary 
larval ectophagous parasite. It prefers only mature host grubs. Oviposi- 
tion is very infrequent and erratic. The egg (Plate XXVI, fig. 2) is narrow, 
translucent with caudal end narrower than head end. The full-grown 
larva (Plate XXVI, figs. 3, 4) is elongate and slender with a brow nish white 
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colom- The life cycle oeciipies from 16 to 24 days. The minimnn, 
oviposition penod is about 2 days but varies considerably. ' The ess period 
ranges from 1 to 2 days ; larval period from 4 to 6 day.s. A maximSn cana 

n7to 30 

Bhacmotm mcnippus Nixon (Plate NNVIIl.—This is a decidedlv 

than th. previo™ „„a »„d i, of a„ .vc^e iS of 3 C i:!' 

tocrjos the „ Wng oh«r«,,.ti.mc.d by tl,? diviaba, of toreitt ('a ,J i ■ 

mto thtao area, and by baring tlio mWdio „„o of fjioaa ' ,1 i 

.^Ipturrffrom the other t,v„. " The fine alriation an,Tnm,ta7l 7 

also likely to be specific. «uii,o, wk. ottii! i.s 

TMs parasite has been recovered only once parasitising Pemnlwre^ !„ 

Mooiation with this food plant. Jlore oft™ it hai laaa, notcd'to mmitii^ 
to weevil mfeatmg another food plant, namely CWetotna oiitoriLnt S 
ten ako taken on several iK-easions as a parasite of another weevil HmlhT, 

Sf'"-"! "'f- - einiilar to'C r,!- 



Bmufodvs 

Qeomermis indica tSteiner.— I’his Mcrinithid 
covered to be parasitic in mature P(-»ipfi( feii m 
during September 1937. These have Jieen. la 
the same material from the same locality, nai 
October and November. Apparently it.s nn'ige of 
locality since it has not been encountered in matei 
In a few instances, the.se worms have la-en reeiv 
of the host insect such as prepupae and pupae. 

The parasitized host grub does not show " 
The only differences that may sometimes he 
inactive and swollen or discolonred. In one 
of the larval forms by forcing thiongb thf. 
actually observed. .Rarely also, the swvilhai a„„. 
external curved ridge.s anti grooves indicating tin- 
worms inside. ■ 

These larval fornjs are dirty wiiite, s 
i mm. in length found in some mnnbers i 
In a single instance an actual count was 
noted. T'hesc are. when mounted in a dro 
to be nuitionless for a while but soon 1 
lashing movements. Through the kindne.' 
legist, Washington, the worms have beei 
species — Ommemiis hidicn. The genus 0 
and has not been described. According to 
thids without cross fibres in the etiHnU 


>’ any marked external indication. 

noted consist in the gru!) I>eing 
■ or two instances the emergence 
' weakened Ijody wall has-been 
abdomen of the host grub showed 
e jn'esenee of the mueh curled 

del', thread-like worms less than 
insifle the body cavity of tlu' host. 

eleven such foi'tn.-i w(>re 
:»p of distilled water on a .slide, foimd 
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The method of infection is not definitely known. Since these have 
been encountered only in the rainy season in October and November it may 
be that rain stimulates the female parent to ascend up these plants and pene- 
trate the cracks, crevices and grub tuimels in the stem where eggs are laid. 
The host grub gets infested while feeding on plant tissue. It may also be 
that the larva that hatches pierces the body wall of the grub and occupies 
the body cavity. With the present state of our knowledge the economic 
significance of this phenomenon cannot be truly assessed. As factors of 
control, these may be at present regarded as of little importance. 

SlGNIEICANOE OF INFESTATION AND PABASITISM IN THE FOOD PLANT 

Great stress has been recently laid by eminent authorities on the study 
of alternate food plants with a view to discover the primitive wild association 
of indigenous insect pests in any biological control project. Weeds and wild 
host plants were not seriously reckoned hitherto as hosts of this weevil. 
The few weeds which were noted to harbour the weevil in and around cotton 
fields were dismissed as of no importance except as probable minor nuclei for 
reinfestation of cotton crops. As for parasites, these were practically un- 
luiown from this source. The present studies have served to dispel such 
notions and have given a new orientation to the biological control of this 
insect. 

Pemplieres affinis is a polyphagous species and attacks a number of wild 
plants in a wide range of conditions. Incidentally this polyphagy consti- 
tutes a serious handicap in breeding resistant varieties. Further, the weevil 
appears to be a normal inhabitant of many regions beyond the limits of cot- 
ton cultivation. Profuse breeding of the weevil in a wild host plant like T. 
rhomboidea in virgin forest areas and the variety and comparative abundance 
of parasites in such haunts are of considerable significance. The majority 
of such parasites being absent in cotton fields is also a feature of importance. 
The ability of some of these to parasitise the weevil in different host plants is 
another eminently desirable feature. A thorough knowledge, therefore, 
of these parasites in relation to the weevil and its host plant appears to be 
essential for judging the possibility of utilisation of these species. Hence the 
necessitj? for an extended and elaborate examination of these alternate food 
plants is clearly brought out by these studies. 

In a previous paper [1937] it has been suggested by the writer that the 
weevil might be indigenous to India by reason of its occurrence in hUndi in 
diverse situations far away and completely cut off from cotton cultivation, 
such as Debra Dun in the IJnited Provinces, Manantoddy hiUs in Malabar, etc. 
The present studies have served to emphasise this aspect and provide addi- 
tional proof in .support of this inference. This additional evidence seems 
to leave no room for doubt as to its place of origin since it would be otherwise 
impossible to explain the presence of such separate infestations in varied re- 
gions including sylvan associations and forest areas such as Siruvani, Wallayar 
forests, Kallar and Dhone hills in Malabar. The case of weeds and plants found 
in and near cultivated regions is quite different and is easy of interpretation 
as the infestations could have proceeded from cotton. The evidence in favour 
of the w'^eevil’s primitive association with hUndi still holds good but this plant 
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is at present a eiiU'ivated onel'lioiigh originally wiki. Kecaap stndips. tki're- 
fore, raise the cpiestlnn AvhetlicF snch wild plaiit^ T. iiumdioldHt. Hlda 
aeuki, S. rhomhoidea, Urma lohaia, ete. ioav not have had an (‘arlica* as‘-o(*ia- 



tion witli. the weevil. Among such plants T. rhomhiddra stands uiHk|!ic‘ iiolh 
in respect of heaviness of mfestation and high rafe of parasilisnu In any 
attempt, tlierefore. in classifying the more* importatii of flu- knoun fjod plaatV 
ac<;oreihig to their length and priniitiv(an*<s of assoeaalion with the we^rciK 
cotton will have to be ranked as rece‘nt, hldjidi a.s in-nong an older ri.sso^'ia- 
tion and 7k rhomhoidea as having a still more* primitive retat iomhip villi 
the pest. For cpiite another reason also eolton does ofit appear to eoii;Pitute 
its natural food plant because its normal (h-vehipmen? in this ho.d is arrc‘sted 
and great mortality is caused by sucli inber(*nt factors as gumming. .F.rom 
a few trials in the field and in the laboratory tin* mi|>ositiu!j of adults bred 
from. Triumfetta: has been found to be poor in cott<»n. On tla^ othiu* hand 
ovipositioii of cotton-bred adults on d'rhfnipda stalks has be(‘n sHLditlv 
better. Transfer of ditlerent stages < if gnihs fnnn one plant to the other doc's 
not affect their development. Tliese (‘xperimentv in lhe*r bf‘iiaviour summst 
that TritimfeUa ma}- perhaps be its (original food plant. Arivway, tlierc^ 
seems to ])e little doul)t that TrhtmjHta rhimhfddin is the most prc-ferfcc! 
among its known food plants. Tlu* practical impoifaiicc* <>1 these* ot^servat io?i- 
is the opening of a new avenue of iin'estigaticm. iianicSy the posi<ibl!{t^‘ e;‘ 
manipulation and liberation of suitable i»aradti‘s from Oils source for ca.m- 
nization in cottoTi fi(*.!ds. A small tliough nn<'on<eious -f<‘p in this din 
has been started by the breeding section by the importation of this mate rial 
for artificial weevil irdestation of cotton crop in the bi'oeding statin!]. Ibif 
systematic and planned attempts to encouragr* snec{‘s.^bi! emergonre aurf 
liberation of such parasites in eonjiim tion wit!) iabcautory breialing'. ifoinl 
when necessary, seem to }>e full of fjromise. 
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Intbobxjctoey 

I N view of the great losses to the cotton growers due to root-rot disease, the 
importance of the disease in the Punjab cannot be over-emphasized. 
The study of the physiological behaviour of the causal fungi Ehizoctonia 
bataticola = G. strain of iLsbigh =: Macrophomina phaseoli and Rhizoctonia 
solani is of great importance in the discovery of the control measures for the 
disease. 

The intensity and severity of attack of these fungi largely depends on 
the environmental conditions which, if favourable, tend to increase their 
activity. The kind of food, moisture content of the soil and temperature 
may accelerate their virulence. 

The fungi under consideration are able to attack a considerable range of 
host plants and are not highly selective in their metabolism so much so that 
all the carbohydrates and nitrogen sources tested [Vasudeva, 1937] yield 
satisfactory growth. 

These fungi do not show any appreciable growth under highly anaerobic 
conditions. Their growth is markedly retarded at 25 per cent concentration 
of carbon dioxide. Though the growth is arrested at higher concentrations 
of carbon dioxide yet the fungi are found to be viable even after prolonged 
exposure to highly anaerobic conditions when normal conditions are restored 
[Vasudeva, 1936]. Experiments have been conducted to determine whether 
different carbon compounds would support satisfactory growth under anaerobic 
conditions. 
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oi kin»igh Aincrophominu phfim(ili iw->latui coftori 

Bhizoctonia eolani (Kuhn, group) i«.lut( d‘ fioni disou.sod cottf.u 

roots . 

At tlie beginning of the work tiie purity <j 1‘ the cultures wus eiisiued by 
taking a single hyplial tip in each case, ai'ter the nietiiod (!e.scri!,ccl by JJrown 
[1924], Stock euitur-cs of the fungi were niaiiitained in tubes of ijutato ex- 
tract agar. The inooula for cultural work wlhx, invariably takcui ironi (;ul- 
tures 10 to 20 days old. 

_ The fungi were grown in liquid and on agar media containing the same 
ingredients and a single carbohydrate. 

The following media, with or without agar, were, eninloved : 

1. Potato extract ; — 

Peeked potatoos 20 gia. 

Agar 20 gnu 

DistilJed svalor 1,000 c*. c. 

2. Cotton root synthetic [Vasudeva, was used a.s basic medium. 

The nitrogenous eoirstitueiit, peptone, normally used in this 
medium wa.s replaced by aniuHmiuiii sulphate* calculated to 
yield an equivalent amount oi' aitrogen. And earbohvdrafc 

constituent was reduced to half the nonnal St rengt In 

The composition of the medium as used in the e,vperiment.s described in 
the present paper was as follows : — 

Carbolijdrate III gnu ' 

AiBinoiiiuni Knlphuto 2 • iO gnu 

KgPO^ I ,|| 

. MgB04 (1.4, 

■ , Cldl gnu 

' A tmm* 

Broniereaol |)ur|>lc (I |)cu‘ cent) i c. l% 

Bacto agar ^ 20 gin. 

. Distilled water k» make up ' 1,000 e. cn 

The carboliytl rates used were as MIowh 

Malto.se, glucose, sucro.se, lactose, galacto.se, de.xtrin and .soluble starch. 
* 7 “^ media wore divided into 40 c. e. lota iinlesR otherwise mentioned in 
test tubes or Jtrlemneyer’s flasks of uniform size and capacity. Flasks of 
125 c.c. capacity and test tubes 25 x 200 mm. and of 90 c. c. capacity y ere 

used throughout the course of these experiments. 

The pH of media in all easeB was brought to tlie neutral point, iiBing 

liMmcrejol pui-ple as in*cator. Inoculations were nmdo from ettarb wit! 

^ ^ possible uniform siso of inooula wore introduced. 

? fi required for the acidification of the 

otM amount of ^owth. (Jolour change of the medium from red 

to straw yellow colour, indicated the acidification of the medium, i.e. tomi 
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The experiments were conducted both at laboratory temperature and 
at 30T. 

Cultures grown on the agar medium were mostly surface growths, and 
were therefore exposed to the varied experimental conditions. Those grown 
in the liquid media were almost always submerged, except when the inocula 
were kept suspended on the surface of the medium by means of platinoid 
wire basket like structures. 

Experimental RESULTS 

{a) Growth of R. solani and R. bataticola in liquid and agar media with 
different carbohydrates, — The fungi were grown both in flasks and test tubes 
containing liquid and agar media. The test tubes with liquid media were 
placed upright in desiccators and arranged in such a manner that observa- 
tions could be made without touching them as slight shaking or movement 
of the tubes would upset the growth in the liquid media. Results of typical 
experiments for R, solani and R. bataticola are summed up in Table I. 

The results show that both in the liquid and agar media all the carbo- 
hydrates tested supported a fairly satisfactory growth and that the acidifica- 
tion of agar cultures occurred earlier than the liquid media. These results 
hold good both for tube and flask cultures. The inocula in the case of liquid 
media were submerged whereas in the agar media these were on the surface. 

In the case of agar cultures in test tubes a beautiful yellow ring was 
formed along the upper surface of the medium. The breadth of the ring 
depending upon the depth to which the fungal hyphae had penetrated. A 
scanty and sparse growth was noticed in the control media lacking in carbo- 
hydrate constituent. 

It was observed during the course of these experiments with R. bataticola 
that the colour change or the acidification was delayed in liquid media but 
did not occur at all in agar media when lactose or galactose were used as 
source of carbon. 

The experiments were repeated a number of times at the room tem- 
perature as well as at 30°C. and results similar to the above were obtained. 

(6) Submerged and floating cultures, — During some cultural experiments 
with liquid media in the laboratory it was observed that there were differences 
in the amount of growth and time required for acidification or colour change 
in the same set of flasks. Such variations appeared to be due to the position 
of the inocula. Experiments were, therefore, carried out to determine the 
effect of submerged and floating inocula on the growth and the time required 
for acidification of the cultures. 

Fifty c. c. of the basal liquid medium, i.e. modified cotton root synthetic 
was put in Erlenmeyer flasks of 125 c. c. capacity. In the flasks containing 
the media platinoid wire loops were inserted through the plugs and suspended 
in such a manner that the loops just touched the central point on the surface 
of the medium. The flasks with media and loops were sterilized as usual 
and divided into two equal lots and inoculated with vigorously growing cul- 
tures of R. bataticola and R, solani. In one set the inocula were placed care- 
fully on the loops in the flasks so that the inocula were kept floating on the 
surface of the medium whereas in the other set of flasks the inocula were 
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inserted in the normal way and these. got submerged in the medium. The 
inoculated flasks were arranged in an incubator at ilO°C. in such a way that 
the^ observations could be mad.e at a glance. The flasks were not movc^d or 
shifted throughout the course -.of these experiments in order to allow uniform 
and uninterrupted growth.;. Agar cultures in flasks were also set up for com- 
parison. 

The experiments were, repeated several .times and the results of a typical 
experiment are set out in Table IT. 

The data show that in the case of both the fungi tlic time required for 
acidification of submerged cultures is greater thaat the floating cultures. The 
growth in submerged cultures was comparatively slow. The cultures with 
the floating inocula almost correspond with agar cultures which are mainly 
surface growths. It is likely that the growth of the fungi in submerged 
cultures produces a by-product which if allowed to accnimulate retards further 
growth. Such a by-product very likely seems to be of a volatile nature which 
is easily lost from surface cultures but is retained in the liquid medium in 
the case of submerged cultures. 

It is clear from the results that the growth of these fungi is affected by 
the solid or liquid condition of the medium in. whicli these are cultured and 
also on the position of the inoculum, i.e. >submerged or floating. 

The growth of these fungi is indicated as : + + 4- 4~ very good == 4j 
.q.. good ==■ 3, ■ +' 4 -' === fair'.== 2, ■ + slight growth .= 1 and multi- 
plied with 100 to avoid fractions. The utilization quotient indicating the 
comparative availability of the food material w'as calculated by dividing 
growth X 100 by the number of days required for acidification [Moore, 1937]. 
The utilization quotients for agar, floating, and submerged cultures of M* 
solani and i?. bataticola as estimated from Table II are given in Table J 11 . 

. ^ / . . Table III ■ ' .’ „ 

Utilization quotients for solani atid R. bataticola under normul aimioBpIierh 
'V. conditions 




R* solani 


E, bataticola 


Carbohydrate 

Agar 

i. 

Float- 

ing 

j Sub- 

1 merged 

Agar 

! Float- 
* ing 

’ Sub. 

I morgeci 

Maltose 

100 

100 

60 

100 

80 

I 26 

Glucose 

100 

100 

80 

100 

80 

i 

57 

Sucrose 

100 

100 

30 

'100 

13 

■ * *. 

Lactose 

75 

SO 

60 

0 

■.. 4''' ;..■■■ 

i 

3 

Galactose 

100 

100 

30 

0 j 

■ .43 .'X'' 

13 

Dextrin 

100 

100 

30 

100 

: ■ ; 20.,.:' 


Soluble starch 

100 

100 

30 

100 

10 


No carbohydrate 

......... 0 .. 

0 


0 

' """'p''''' 1 

' I 

0 
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utilization quotients are lower for submerged than thejioating 
cultures'. In agar cultures' the utilization quotients ioT B, solani almost 
correspond with the floating cultures but in the case of ,7?. hataticola the uti- 
lization quotients are higher in agar than in floating cultures exce])t in the 
lactose and galactose constituents where the quotient is lower and has fallen 
to zero. . " 

(c) Growth in various concentrations of carbon dioxide two fungi 
R. solani and R, hataticola were grown in test tubes on modified cotton root 
synthetic agar with different carbohydrates. The inoculated tubes were 
placed in desiccators which were then sealed. The test tubes were kept 
upright by sliding them singly through circular slits made in a piece of card- 
board. This rendered making of observations comparatively easy. Carbon 
dioxide was let into these chambers by creating the required amount of 
vacuum with Cenco Megavac pump and by adjustment of pressure with the 
help of a manometer. 

The experiments were conducted in atmosphere of 10, 20, 30 and 40 
per cent carbon dioxide. Controls were kept under ordinary atmospheric 
conditions. 

The results obtained by growing the fungi in dijfferent concentrations of 
carbon dioxide and in normal atmosphere are recorded in Table IV. 

At 30 per cent concentration the growth of R, solani practically 
ceased whereas there was fair amount of growth in the case of i?. hataticola. 
At 40 per cent concentration i?. solani failed to grow b\it R, hataticola 
showed slight growth. An appreciable reduction in the amount of growth 
was noticed in the case of both the fungi even at twenty per cent concentra- 
tion of carbon dioxide. The rate of growth in various concentrations of carbon 
dioxide was comparatively slow and the cultures took longer time for acidi- 
fication than in normal atmosphere. The utilization quotients are inversely 
proportional to the increase in concentration of carbon dioxide. 

(d) Effect of nitrogen and oxygen —In anothev experiment the effect of 
nitrogen and oxygen on the growth and reaction of medium was studied. 
In two lots of evacuated chambers containing cultures of i?. solani and R, 
hataticola, pure nitrogen or oxygen was let in. In another set of evacuated 
desiccators oxjT’gen and nitrogen was let in the ratio of 50 : 50. Observations 
were made as to the growth of the fungi and the time required for acidification 
of the culture media was also noted. The data of such an experiment are 
given in Table V. 

The results show that the growth and time required for acidification in 
the case of iZ. solani is not appreciably aflFected in an atmosphere of pure 
oxygen, hut in the case of R, ftaMicoZa pure oxygen appears to have a depress- 
ing effect on the growth and the acidification of the medium is delayed. Pure 
nitrogen and nitrogen and oxygen (50 : 50) have no appreciable effect on the 
growth or time required for acidification of the medium in the case of either 
of the two fungi. 

Thanks are due to the Indian Gentral Gotten Gommittea for kindly 
providing the necessary funds for carrying out these investigations. 
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1. All the carbohydrates tested supported a fairly satisfactory growth of 
R. solani and R. bataticola. Agar media are comparatively more favourable 
for growth than the liquid media. Acidification also in the case of agar 
cultures is more rapid but in the case of M. bataticola the acidification is delayed 
in liquid media and does not occur at all even in agar media when lactose or 
galactose are used as source of carbon. 

Floating cultures almost correspond with agar cultures in the rate of 
growth whereas in the case of submerged cultures the growth is slow' and 
acidification of the cultures is delayed. 

2. Carbon dioxide has a depressing effect on the growth and acidifioation 
of the media is delayed. 

3. Effect of oxygen and nitrogen has also been tested. 
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(With one text-figure) 

IlSTTBODtrCTIOH 

F ISHER’S Randomized Block and Latin Square designs have proved very 
nsefnl in agricultural field experiments, but can be adopted only when a 
limited number of plots, usually not greater than ten or eleven, is included in 
a block or row and column. This limitation on the number of treatments 
which can be tested simultaneously is a serious handicap in the case of fac- 
torial experiments in which the number of treatment combinations keeps on 
increasing with the number of factors and with the number of the levels at 
which each factor is tested. The devices of confounding main effects in split- 
plot designs and interactions among sub-blocks are used to overcome this diffi- 
culty. 

Recently Yates [1936, 1] has developed another method for keeping the 
block size within efficient limits when the number of treatments of a non- 
factorial experiment becomes large. The need of such single factor experiment 
occurs very frequently in practice when we have to make preliminary selection 
from a large number of new strains of a crop. Since only a single factor (e.g. 
variety, in this case) is involved, the several comparisons among the treatments 
cannot be classified under sets of main effects and interactions. For this 
reason the principle of straightforward confounding is apparently inapplicable 
here. Yates however used the ingenious idea of using a factor! zable number 

(say, V == p. q> r ) for the number of varieties, and then viewing the 

varieties as ail combinations of several factors (non-existent though) at levels 

p, g, r, etc., for each group. We can then divide the varieties in vjp 

groups of p in each group, vjq groups of q in each group, vjr groups of r in each 
group, and so on. The comparisons among the vjp groups in the first type of 
division will correspond to the main effects and interactions of all factors ex- 
cluding the first pseudo -fact or ; the comparisons among the vjq^ groups in the 
gecond type of division will correspond to the main effects and interactions of 
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all factors excluding the scdotul pscudo-facl.or ; the cunipurisoiis ainuiig the y/r 
groups in the third type of division Avil! <'orrespond hjtlwi iiiaiii effects and 
interactions of all factors excluding tin; third pseudo-factor and so on. We 
can then confound these main effects and intcii'iictioiis of tjje various pseudo- 
factors, by assigning to a block only those; varieties which nccui“ together in the 
same group. 

If there is sufficient land each group may lx; v<;j)lica.tcd a nuinher of tirae.s, 
which should be the Banic (», say) fort'acli groti]». 'I’lnis the iminhcr of blocks 

in the experiment will he uw (y, + ,“■+ 7 . +••}. Week .size will not 

be the same tfyp, S, r, ... . are not equal. I'hus there will he mlgi blocks of 
size p, m!q blocks of .size q. vn‘r bkicks of .size r and so on. But instead of 
doing the experiment in blocks witli v j)lols in eacli, we ar<' tluis able to rednee 

the block size to the comparativedy smaller sizc,s of jj, (/, r, })lots. The 

designs which Yates got by this artitice of confounding of main effects and in- 
teractions of certain fictitious factors, sup(T-iinpo.s(‘d on the varieties, were 
given by him the name quasi-factoiiai design.s . 

The simpler and more efficient cases of this design occur when yj = ^ = r 
= .... Then v becomes some power of the numter p. If, in arldition, p 
is a prime number or power of a prime numher, it is possible to confound all 
main effects and all interactions of the p,seud<»-factors. This will ensure the 
losing of equal amount of information from all varietal comparisons and thus 
give symmetry to the design with respect to every variety. This special 
design was called the ‘ symmetrical ' qiiasi-factorial design. 

When V is not a factorizable number the idea of introducing pseudo-factors 
fails completely and to meet this case Yate.s 2] ha.s developed the 

brilliant idea of balanced incomplete randomized bloclts. In these designs 
it is possible to secure equal accuracy for comparisons between every pair of 
varieties, and the symmetrical quasi-factorial de.sign of v - ■ (p)’" occurs as a 
special case. 

In the Calcutta Statistical Laboratory, Bose and Nair [1939] have 
developed a general class of designs called partially balanced incomplete 
block designs of which Yates’ quasi-factorial designs for (p) m varietie,s in 
blocks of (p) m-l plots, arid his balanced incomplete designs, happen to be 
special cas^. While developing the method of analysis for this general class 
ot designs, it was found that the method given by Yates for analysing the data 
from quasi-factorial experiments with pJ varieties in blocks of'p plots may be 
replaced by a .simpler method. One of the objects of this note is to illustrate 
this new procedure of analysis with the help of data from a qnasi-faetorial 
experiment on rice. 

In the sea.son of 1937-38 two quasi-factorial experiments with 49 and 100 
varieties of paddy were laid out by Mr S. 0. Chakravarty at the Ohinsurah 
Farm, Bengal, in 28 randomized blocks of 7 plots and 40 randomized blocks of 10 
plots respectively. The designs wore prepared at the Statistical Laboratory. 
In the experiment with 100 varieties it is impossible to achieve symmetry 
between every pair of varieties as 10 is not a power of a prime number. In the 
other experiment symmetry could have been achieved if the shape of the ex- 
perimental piece of land was such as to accommodate four 7x7 Latin Squares. 
As this was not possible the symmetry was sacrificed, and in both experiments 
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main effects only, of the pseudo-factors -were confounded. We .shall use the 
second experiment for onr illustration. 

Besides the usual analyses of variance for grain and straw separately, the 
analysis of covariance also has been worked out. In an exploratory . experi- 
ment with large number of varieties like the present one, it is not wise to limit 
the criterion of selection of strains to one character, namely, yield of grain 
alone. It is desirable to take into consideration the yield of both grain and 
straw (and also of other characters of economic importance as necessary) ; 
and for this purpose it is essential to include in the analysis the covariance 
between characters. Unfortunately adeq^uate tests of significance and neces- 
sary tables for this purpose are not yet available. The problem is, however, 
receiving increasing attention [Lawley, 1938, 1939 ; Roy, 1939, 1, 2], and we 
may expect that necessary tables of significant levels will be available for this 
purpose in the near future. In the meantime are taking this opportunity 
of explaining the procedure for calculating the various sums of products which 
will be needed in covariance analysis. 

As a preliminary step, we have used the covariance analysis for a brief 
discussion of the method of selecting the varieties when the yields of grain and 
straw are both taken into consideration. 

One hundred aman strains (other than paMais), a list of which is given 
in the appendix were selected for this experiment. These strains were assigned, 

at random, one hundred serial numbers 00, 01, 02, . 09, 10, 11, 

............ 19, . ... ...... 90, 91, . . .... . . .... 99, which are noted in 

column (1) of the appendix. These numbers were then written in the form of a 
10 X 10 square lattice of the following pattern:— 


00 

10 

20 

30 

40 

50 

( 

60 

j 

j 70 

80 

90 

01 

11 

21 

31 

41 

51 

61 

71 

81 

91 

02 

^ ^ ,12■ ' ■' 

22 ■ 

32 

42 

52 

62 

j '72 

82 

92 

03 

13 

23 

33 

43 

53 

63 

1 ' . 7.3 ■ : 

83 

93 

04 

14 

24 

34 

■ '44 . 

54 

64 

74 

84 

94 

;vo5 

15' ; 

25 

i ■ '',35 

45 

.. m 

65 

1 76 

85 

95 

06 

i 16 , 

: ' '26„: 

■A 36 ■ 

■■ ■ 46 ■ ■ 

56 

66 

1 76 

86 

96 

07' 

r i'7 

,27 ^ 

37 

47 

57 ■ 



67 

1 77 . 

8 

97 

08 

18 

28 

38 

48 

58 j 

68 

78 

88 

98 

09 

19 

29 

39 

49 

59 

69 

79 

89 

99 


The variety occurring in the i-th column and J-th row of this square is 
denoted as variety [ij] in which both i and j vary from 0 to 9. , 

The varieties bearing numbers occurring in the same row or in the same 
column constitute a set. It is clear that there are only 20 such sets, of 
which 10 sets correspond to the 10 columns and the other 10 sets correspond 




to the lO rows of the above square. The first 10 sets will be saiti to consti- 
tute group I, and the second 10 sets to constitute grouj) 11. 

Each set must be replicated in the same fiumber of randomized blocks 
according to the availability of the land. In this experiment only two repli- 
cations were used, so that we had 40 randoinizcKl l)locl{s giving four replications 
of each variety. The size of each plot was 8 ft. 3 in. ; ; 8 ft. 3 in. fjcaving a 
border of 9 in. all around, the net size came tt) 7 ft. 0 in. >' 7 ft. 0 in. 

The two replicated blocks of each of the 20 sets were first assigned at 
random among the total of 40 blocks. The 10 varitlie.-; i>f a set were 
allotted in a serial order in a random direction in one of the blocks Un.signed to 
that set, and in the other block they were randomized. The. iietual field lay- 
out is shown on the next page. The blocks have been numbered 1 to 40 ; and 
Table II gives, besides other things, the serial number.s of the blocks in which 
each set of the two groups was replicated. 

SeASOHT AND KATURE Off OEOP 

The season was quite favourable for rice ; and tran.sj)lariting for thi.s ex- 
periment was done on 28th July 1937. The rainfall was slightly above normal, 
and the distribution was quite regular ; and from the agricultural point of view 
the crop was considered to be normal. The normal rainfall and the rainfall 
during 1937-38 as recorded at the Chinsurab Farm arc shown in Table I. 

Table I 

Rainjall at OMns'iirah Farm duriwj ihe, munon 1937-38 


Primary data 

The primary data consist of yields of grain and straw expressed in ounces 
per plot. These are fully set out in Table II (a, h). The yield of straw was 
determined with less precision than the yield of grain. The total sum of 


Month 

; ■ Normal. - ; 
1 rainMi 

i ^ : ■ " ! 

liaittfall 
durhiic the year 
■./ 1937-38 


Xum)>er 

‘ ; . of',''' 

i rainy days 

April 1937 

i i 

2-46' ; 

1*76 

— I)-7U 

1 

i ' 2 

May 1937 

' 6‘85 ! 

3-24 

— 2-01 

10 

June 1937 

10* 56 

14*55 

4 . 3*99 

1 i4 

July 1937 

I 11-28 

9*43 

--I- 8,5 

■ i . ” . 25 

August 1937 

11*64 

12-fH) 

*1-1 -02 

21 

September 1937 

1 8*40 

11*49 

4-MHI 

21 

October 1937 

I 4*09 

4-40 

4-0*3l 

6 

November 1937 

1 0-66 

Nil 

*-‘■■■0*66 

Nil 

December 1937 

0*19 

mi 

-*-0* 19 

Nil 

January 1938 

: 0-38 

0-25 

-0*13 

1 

February 1938 

1-20 

1*81 

4 0*61 

1 3 

March 1938 

j ' 1-58 . 

0*32 

-..--1*26 

! ^ 

Total j 

58*29 

59*91 

4-1*62 

! 104 


: * ■ 



1 
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squares with 399 degrees of freedom, and the block sum of squares with 39 
degrees of freedom were calculated directly from Table II {a, b) for yield of 
grain as well as yield of straw, and also the corresponding sum of products. 
It is not necessary to give details about the calculation of these quantities. 

Lay-out plan of the experiment 
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Table 

Yidd of grain and of straw in each plot {upper figures 
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1 BL 

1 14 
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! . 
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1 39 
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42-0 

51-5 

30, 

40-0 

I 

63-0 

40 

50-0 
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;,B0: 


66 

80 

01 

49-0 

64*5 

11 

34*0 

42-0 
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70 
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74 
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60 
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76 

07 
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17 

40-0 
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: 43-5 1 

61*0 

37 
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60 

1 '76;.- ; 
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74 
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■ i 

' . 1 
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08 
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60-6 

;28 

: 40-0 
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54 
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indicaie grain yield ; lower figures indicate straw yield) 
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11 (b) 

indicate gfrain yield ; lower figures indicate siratv yield) 


II 


Set 

Bl. 

Bl. 

Set 

Bl. 

B] 

. 

Set 

Bl. 

BL 

Set 

BL 

Bl. 

Set 

B] 

. 

BL 

6 

27 

30 

7 

19 

38 

8 

2 

21 

9 

12 

35 

10 

6 

17 

' os: 

60 

0 

66 

6 

06 

46 

5 

56 

0 

07 

45*0 

47 

5 

08 

51 

5 

62 

0 

09 

41 

0 

47 

0 


62 


82 



52 


66 



58 

64 



52 


74 



42 


62 


15 

59 

0 

53 

5 

16 

45 

5 

55* 

5 

17 

38-0 

44* 

0 

18 

56 

5 

62- 

5 

19 

45* 

0 

44* 

0 


98 


80 



64 


82 



62 

74 



102 


102 



56 


68 


25 

60- 

0 

54 

0 

26 

51 

0 

57* 

5 

27 

57*0 

68* 

0 

28 

45* 

0 

49* 

0 

29 

52* 

0 

49* 

5 


82 


80 



72 


82 



64 

66 



56 


60 



68 


68 


35 

70 

5 

62 

5 

36 

47- 

0 

50- 

5 

37 

37*0 

39* 

0 

38 

41* 

5 

62* 

0 

39 

61* 

0 

39* 

5 


100 


82 



52 


62 



62 

60 



48 


62 



60 


48 


45 

64 

5 

65 

0 

46 

58 

5 

63* 

5 

47 

45*0 

41- 

0 

48 

51* 

5 

54* 

5 

49 

42* 

0 

50* 

5' 


68 


76 



66 


78 



52 

46 



60 


56 



52 


66 


55 

60 

0 

49 

5 

56 

42 

0 

46* 

5 

57 

38*5 

39* 

5 

58 

43* 

5 

60* 

0 

59 

35* 

5 

34* 

5 


1 98 


66 



60 


76 



50 

58 



58 


110 



50 


48 


65 

65> 

'5 

52' 

'5 

66 

41- 

-5 

32* 

0 

67 

45*5 

55* 

0 

68 

45* 

5 

49* 

5 

69 

32- 

5 

39* 

0 


82 


80 



76 


; 86 



48 

62 

i 



78 


82 



■54 


78 


75 

61' 

0 

65- 

0 

76 

51- 

>6 

31- 

0 

77 

36*5 

47- 

■5 

78 

37- 

■0 

56- 

-0 

,79 

38- 

'5 

49- 

■5 


70 


82 



82 


82 



50 

64 



72 


92 



34 


50 


85 

53- 

5 

48- 

■5 

86 

42- 

■5 

54- 

0 

87 

39*0 

38 

-5 

88 

53 

•5 

64 

■5 

89 

38- 

-5 

51 

5 


80 


66 



52 


68 



44 

44 



56 


68 



50 


72 


95 

49- 

5 

48- 

5 

96 

43 

•0 

63 

•0 

97 

45*0 

58 

•5 

98 

47 

•5 

53 

*5 

99 

43 

•5 

52 

•5 


74 


90 



48 


76 



60 

7.2 



64 


68 



52 


64 





THE INDIAN JODENAL OF AGEICULTUEAL SCIENCE 


StJM of SQITABES and FEODIJCTS DDE TO VAEIETIBS 

It is in the calculation of the sum of squares and of products for variety, 
with 99 degrees of freedom, that all the complications of analysis set in. But 
once these sums are obtained, the residual sum of squares may be obtained l)y 
subtraction : Total minus Blocks minus Varieties. 

The table of analysis of variance given by Yates [1930] mentions 
eleven sources of variation, of which five! go to make up the variation 
among blocks, three go to make up the variation among varieties and thn-e go 
to uncontrolled variation (namely, residual). Speaking generally, w<^ need not 
take the trouble of calculating the sums of squares due to each of tliese eleven 
sources of variation. We are mostly interested to find out the value of the 
sums of squares for the three items : Blocks, Varieties and Residual : and this 
is what we shall consider in the present paper. 

The sums of squares and sum of products due to blocks are easily obtained 
from the totals of the 40 blocks. In getting the sums of square.s and sum of 
products due to varieties, we are using a new procedure which simplifies con- 
siderably the computational work. 

New froceduee 

We have 40 blocks with 10 plots each. We first calculate the mean yield 
of grain of each block. We next subtract from every plot yield the mean yield 
of the block in which the plot is located ; and call these the corrected values 
of the yield. There are four plots for each variety ; we next add the four cor- 
rected values of yield of each variety, and write this quantity as Qjj for variety 
[ij]. It is obvious that the sum of the 100 values of Qij is zero. It is also clear 
that Qij can be calculated more easily by taking 10 times the total yield of 
variety [ij] and subtracting from it the sum of the total pelds of the four 
blocks in which it has occurred, and then dividing the result by 10. 

We then arrange Qij in a two-way table as shown in Table ' IJ I ; and obtain 
the marginal means ^i and Qj . If Vij be the estimate of the effect of the 
variety [ij] on yield of grain, as measmed from the general mean, we have 

Yij =1 (Qij -f- Qi -t- Qj ) (1) 

which is obtained from Bose and Nair’s general formula, after suitable 
substitution and simplification*. 

It is easy to calculate Vy from Table III. The mean of all Vj will bo 
zero. As it is usual to present varietal means instead of varietal effects, wo 
may add to each Vy the general mean for the whole experiment, and get the 
varietal means shown in Table IV. It should be noted that the varietal 
mean shown here is not the ‘ crude ’ mean of the observed yields of the four 
plots under a given variety, but is the mean yield per plot of the given 
variety after adjusting for block effects. These adjusted varietal means are, 
therefore, comparable among themselves. In Table IV we thus obtain the 
summary of the results of the exj^riment before calculating the sum of 
squares. This is only logical, as estimation should precede tests of signifi- 
cance. 

* For Yates’ quasifactorial designs of p* varieties in . blocks of p plots forming I 
groups of p sets each, and with r replications of each variety, 

V,-,, = . + Q +Q +<l +•••.) 

Vijk . ri ri ijk ... i J fc... C 

In our case, ,=4. 
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Table V 

Values of Q'ij {yield of straw) 
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Similar calculations can be made for tbe yield of straw. Let Q'y and V'jj 
correspond, in the case of straw, to Qij and Vy defined in the case of yield of 
grain. Tables V and VI give the values of Q'y and V'y respectively. 

Having calculated the values of these four quantities (Qij , Vy and Q'y , 
V'ij ) we get the sum of squares due to varieties in the case of yield of grain 
with the help of the formula 

9 9 

2 2 Vy Qy (2) 

i=o j=o 

and the sum of squares due to varieties in the case of yield of straw from the 
formula 

1 i V. (3) 

iaso j==0 

The sum of products due to varieties for 3 deld of grain and yield of straw can be 
obtained by either of the two expressions : 

9 9 9 9 

2 2 Vy Q'y or 2 2v'y Qy (4) 

!=>o j=»o j=o 

which are identical. It is convenient, therefore, to calculate the product inde- 
pendently in both ways which furnishes a check on the whole set of calcula- 
tions. 

Tests of siOHiFicAs^roE 

Table VII gives the full analysis of variance and covariance. 

Table VII 


Analysis of variance and covariance 




Sum of i 

Sum of squares 


Variation 
due to 

D. F. 

product of 
grain and 
straw 

Grain 

Straw 

Coefficient 
of correlation 

Blocks 

39 

21917-10 

12801-80 

44680-79 

+0-9164 

i 

Varieties 

99 

1737-68 1 

7694-07 

23243-79 

1 

j +0-1299 

Error 

261 

7230-22 

6765-70 

i 

21074-21 

1 

+0-6559 

Total . 

399 

30886-00 

26261-57 

88998-79 



Batios of variances due to varieties and residual show that there are signi- 
ficant differences among the varieties with respect to yield of grain as weU as 
of straw. , These are shdwn in Table VIII. 


i' 

! 
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Table VIII 

Teat of aignifimnce of varietal effects 


Variance 


Ratio of varianeoR 


Variation due to D, F, 


Grain 


Straw 


Grain Straw 5 per I per 

I Ci*ut coni 


Blocks 

Varieties 

Error 


Total 


ihe standard error per plot for yield of grain is 4 70 or 9-48 per cent of 
mean. The standard error per plot for yield of straw is 8-98 or 13 - 67 per cent 

ot mean. Ihese compare well with the precision of ordinary randomized block 
experiments. 

Tables IV and VI supply the summary of results from which detailed 
tests ot significance can be used for differences between 
Ihe varietal i I 

two decimal places for straw in order to maintain 
the sums of squares and of products. 

The standard error of the differences between two varieties 
same row or column is •\/(|x 
which works out to be 3-4:9 for 


, , any pair of varieties, 

means were calculated correct to four decimal places for grain and 

, i a high order of precision in 

squares and of products. 

_ J occurring in the 

^ ) times the standard error per plot, 
. , - grain and 6-66 for straw. The corresponding 

cri ical (Merences, at 5 per cent and 1 per cent levels, are respectively 6-87 
and 9 • 06 for grain and 1 3; 1 2 and 17 • 29 for straw. 

The standard error of the diffe rence be tween two varieties not occurring 
in the same row or column is V(| X i ll) times the standard error per 
plot and works out to be 3-64 for grain and 6-95 for straw. The corrW 
pondmg critical differences, at 5 per cent and 1 per cent levels, are respectiveiv 
7-16^nd 9-44 for gram and 13-69 and 18-04 for straw. 

+i ^ comparisons between all pairs of varieties. Of 

tnese, 900_ belong to pairs occurring in the same row or column ; and 4050 to 
J’ow or column in common with them. Thus, for example, 
j varieties numbered 42, 46 and 82, the pair formed with 42 and 45 

formed with 42 and 82 belong to the first kind of comparisons ; 
T+ belongs to the second kind of comparison.^. 

It will be noted that comparisons of the second kind have a larger error than 
the comparisons of the first kind. This is due to the fact that varietal pairs 
of the second kind do not occur together in the .same block. Comparison.s among 
them are thus affected by a greater amount of block variation than compa- 
risons among pairs of the first kind which occur together in the same block, 
w tables may be constructed rearranging the values of Tables 

to their decreasing magnitude, to show at a glance 
Which vaneties form classes of higher or lower yielders of grain and of straw, 
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This has been done in another way in Table IX, which shows against each 
variety its rank for yield of grain as well as for yield of straw. 

Table IX 


Ranked position of the varieties {upper figures indicate the rank for yield of gram ; 
lower figures indicate the rank for yield of straw) • 


i 

0 

1 j 

! 2 

' : 3 

1 

1 4 

t ^ ■ 

i 5 ‘ 

j ■ 

6 

7 

8 

9 


4 

31 1 

51 

47 

58 

45 

83 

55 

13 

22 ' 

0 

94 

35 1 

34 

51 

78 

42 

18 

12 

79 

47 


8 

97 1 

89 

12 

56 

46 

27 

16 

44 

70 

1 

22 

33 1 

37 

53 

23 

58 

48 

69 

66 

46 


65 

32 

30 

94 

87 

68 

57 

17 

96 

92 

2 

77 

28 1 

31 

32 

45 

88 

59 

14 

100 

85 


71 

33 

66 

64 

79 

62 

14 

38 

53 

■■ 74 ' 

3 

87 

49 

97 

81 

86 

2 

82 

20 

83 

60 ' 


61 

1 

36 

21 

67 

43 

18 

72 

19 

35 

4 

26 

43 

38 

54 

64 

3 

17 

74 

8 

6 


37 

48 

34 

24 

6 

69 

39 

25 

90 

98 

6 

91 

1 

5,, 

7 

30 

70 

25 

13 

63 

67 

75 ' , 


49 

75 

29 

76 

7 

93 

100 

95 

82 

23 

6 

95 

36 

29 

96 

56 

61 

19 

24 

. ■ i 

89 

73 


26 ] 

63 

' 2 

59 

40 

60 

10 

73 

85 ' 

3 

7 

44 

15 

40 

16 

1 

72 

39 

65 

52 

93 i 

4 


9 

6 

80 

86 

20 

54 

84 

88 

11 

■■42' 

8 

76 

1 

84 

98 

92 

21 

11 

9 

90 

60 


52 

81 

15 

50 

41 

99 

91 

77 

78 

28 

9 

71 

41 

27 

68 

57 

80 

10 

99 

62 

55 


Correlation BETWEEN GRAIN AND paddy 

The last column of Table VII gives the coefficient of correlation between 
yield of grain and yield of straw for variations due to blocks, varieties and 

1 , residual (error). 

j The high correlation of +0*9164 due to blocks indicates that blocks with 

large yields of grain also have large yields of straw, and blocks with low yields 
; of grain have low yields of straw. This shows that the influence of soil fertility 

! on the yield of both grain and straw is working in the same direction. That is,. 

the yield of both grain and straw is greater in better type of soil which is Just 
I what is to be expected. ■ 
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varieties giving high yields of grain there will he all kinds of yields of straw, 
high, meSum and low. This clearly brings out the danger of confining our 
attention to a single character, say, the yield of grain, in pre-selection field 
trials. 

The residual (error) correlation is -|-0* 6559 which is significant at the 
one percent level. This gives the correlation between yield of grain and_ of 
straw of individual plots after correcting for effects of both blocks and varieties. 
The significant correlation shows that the uncontrolled factors, such as differ- 
ences in fertility from plot to plot, exert their influence in the same direction 
on both grain and straw. 

Joint compaeison op yields 

Before concluding we shall make a few preliminary observations regarding 
a comparison of the varieties jointly on the basis of yields of both grain and 
straw. 

If we attach the same importance to both grain and straw (which, of 
course, is not really justified from the agricultural or economic point o'’ view), 
a rough way of assessing the relative value of the crop as from both the two 
characters, will be to add the two ranks, and arrange the varieties in accord- 
ance with their combined ranks. If there had been perfect correlation between 
the two characters, the combined ranks would have taken the values 2, 4, 6 

200. In our case the combined rank shown in Table 

X starts from 7 and ends with 196, with repetitions at some of the values. 
Thus rank 7 is shared by the varieties 18 and 97. Variety 18 stood first also 
in the ranking for straw yield; but variety 14, which stood first in the ranMng 
for grain yield, stands low in the combined ranking, due to its poor straw yield. 

Table X 


Sum of the ranks of grain and straw yields 
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From the economic point of view the procedure of using the joint rank for 
grain and straw yields is unsatisfactory, for the money returns from equal 
weights of grain and straw are quite different. A better plan is to use the 
total money return of the crop for both paddy and straw taken together. For 
example, for the crop under consideration, we find that Rs. 2 and As. 7 may be 
taken as the average price of one maund of grain and of one maund of straw 
respectively ; and we can reduce the yield of straw to equivalent quantities of 
grain by using the multiplier 7/32. 

The mean yield of straw measured on this new scale is added to the mean 
yield of grain of each variety to assess the total money value of the yields of 
grain and straw. These are given in Table XI in which the ranks are written 
in parenthesis. Varieties 18 and 97 now stand differentiated, as first and second, 
though there was a tie between them for the first place in the ranking given in 
Table X. Variety 14, which stood low in Table X in spite of having the 
highest yield in grain, stands third in importance according to the assessment 
made in Table XI. 

While judging the superiority of one variety to another, ranks are, 
however, not quite satisfactory, and rigorous tests of significance should be 
used. We can do this for the values given in Table XI by using an analysis 
of variance of the ‘ money value namely, of the variable. 

M=X + ^,Y ( 5 ) 

where X = yield of grain and Y = yield of straw. The relevant data are 
given in Table XII. The sum of squares in any line of this table is obtained 
hj multiplying by (7/32)^, (7/16) and (1) respectively the sum of squares of 
straw^ sum of products, and sum of squares of grain, of the corresponding line 
of Table VIL 

Table XII 


Analysis of variance of total money value of grain and straw 



! 

D. F. 

Sum of squares 

Variance 

1 Ratio of variances 

1 Expected 1 
Observed I per cent 

Blocks . 

39 

24628- 5769 

628-94 

■ 


Varieties 

99 

9566-5567 

96-63 

■' 2-64 

<1-88 

Error . . 

261 1 

9937-3552 

38-07 



Total 

399 

44032 •4888 





The ratio of variances for Jf is highly significant, showing the high variation 
in the money value of the different varieties. The standard error per plot of 
the money value is 6-1705. The standard error of the difference between any 
two values occurring in the same row or column of Table XI is 4 * 576 and the 
critical differences at 5 per cent and 1 per cent levels are respectively 9*01 and 
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11*00. The standard error of the difference between any two -values of Table 
XI not occtirring in the same row or column is 4*780 and the critic*, al differ- 
ences at the 6 per cent ' and ,1 per cent levels are reBpectively, 9*42 anci 12*43* 
With the help of these critical vahiee it is now possible to n*se tests of signifi- 
cance for comparing the money vai^^ of any two varieties. 

Sdmmaby 

A new method of analyses of variance and covariance has been (lisciisscMb 
with the help of actual experimental data of a qiiasidactorial {experiment 
paddy with one hundred varieties arranged in a square lattice design ; and it 
has been shown that the new procedure will considerably reduce the eomj>iita- 
tional labour. 

From the analysis of covariance it has been found that there is littk^ or no 
inter-varietal correlation between mean yield of grain and mean yield of straw 
of the different varieties. This shows the need of taking into ctmsidc^ration 
more than one economic character of the plant, in this case, for example, 
the yield of both grain and straw in pre-selection trials. 

For the purpose of grading the varieties it is clearly desirable to use a scale 
which will take into consideration both grain and straw. Two methods, 
namely, (1) the sum of the separate ranks of the two characters, and (2) the 
money return from both grain and straw* have been briefly discussed for pur- 
poses of illustration. The varieties were found to be significantly differentiated 
with regard to the money return. 
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Appendix 


Random 

No. 


Name of strain 


I Random 
No. 


Nam© of strain 



00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
‘46 

46 

47 

48 

49 


Raima 

Mania 

J atakalma 

Baktnlsi 

Rupsail 

Ahamsail 

Madhnmalati 

Kanakchnr 

Dudkalma 

Ramsaii 

Ailsail 

Gopalbhog 

Latamagurasail 

Baskamalbhog 

Dudkalma 

Kartikbalam 

Mugaibalam 

Agniswar 

Lalkalma 

Bankumari 

Sarnnagra 

Kalma 

Peswari 

Kalamkati 

Mota 

Jhingasail 

Gangajal 

Harimai 

Seetasail 

Lalkalma 

C^amarmani 

Kalma 

Harimai 

Localnagra 

Kalma 

T 31 (Pusa) 

Bakcbnr 

0-0 1 

Nagra 100 

Jatakalma 

SC 64/10 

Peswari 

Kamaibbog 

Rndin 

T 24 (Pusa) 

Nagra 

Patharkuehx 

Baskamalbhog 

Nagra 

Sitasail 


107/36 

60 

1332/36 

61 

389/33 

62 

928/36 

63 

849/36 

54 

1129/36 

66 

1515/36 

66 

1221/36 

57 

144/36 

58 

1283/36 

59 

1092/36 

60 

916/36 

61 

1367/36 

62 

1342/36 

63 

191/36 

64 

1597/36 

65 

1647/36 

66 

1712/36 

67 

158/36 

68 

1355/36 

69 

284 

70 

112/36 

71 

1139/36 

72 

47/35 

73 

1690/36 

74 

216/36 

75 

1709/36 

76 

1207/36 

77 

496/32 

78 

176/32 

79 

874/36 

80 

95/36 

81 

1211/36 

82 

182/36 

83 

84 


85 


86 


87 

266/32 

88 

401/33 

89 

(1326/36) 

90 

1096/36 

91 

1523/36 

92 

1531/36 

93 


94 

126 (308/33) 

96 

1273/36 

96 

1036/36 

97 

65/5 (262/32) 

98 

815/36 

99 


Harimai 

Bankumari 

Uttarekalma 

Karticsail 

Rangi 

Kalakartic 

Tengra 

Nona 

Jhingasail 

Kamalbhog 

Kamalbhog 

Sundarsail 

Peswari 

Jhingasail 

Kalma 

Luchai 15 

Tengrasylhet 

Dudkalma 

Kamanisail 

Kamalbhog 

Karticbalam 

Dudkalma 

Jhingasail 

Seetasail 

Brindabansail 

Ten^asylhet 

Mahipal 

C-0 1 

Mausal 239 

Nagra 40 

Bachaibalam 

Chamarmani 

Baktulsi 

Algorasail 

Rupsail 

Ramsaii 

Sitasail 

Baktulsi 

Dudkalma 

GEB 24 

Bhasamanik 

Metekalma 

Dudkalma 

Baktulshi 

Magurasail 

T 62 Pusa 

Seetasail 

Auspapri 

Pubebalam 

Harimai local 


1180/34 

1031/36 

386/33 

1350/36 

475/32 

136/32 

1641/38 

261/32 

220/36 

1127/36 

1532/36 

1346/36 

1083/36 

221/36 

94/36 

946/36 

940/36 

366/33 

938/36 

1607/36 

1594/36 

86/36 

275/36 

833/36 

1219/36 

1324/36 

1194/34 

(1171/36) 

322*/k 

1173/36 

876/36 

916/36 

1118/36 

196/33 

1603/36 

830/36 

914/36 

133/36 


183/32 

166/36 

960/36 

1519/36 

834/36 

1172/36 

1699/36 

1110/36 
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Inteodttotioh 

T he analyses of symmetrical experimental designs, vk, Latin squares, 
randomized blocks, incomplete symmetrical randomized blocks, etc., are 
simple and fairly well-known. When these layouts happen to become asym- 
metrical due to some cause which is beyond the control of the experimentem 
the analysis becomes complicated and can be done only by the actual appli- 
cation of the principle of least squares to the data. Methods for the analy- 
ses of experiments involving a number of pissing plots have already been 
given by Yates. The method given so far stops with the analysis of variance 
table which simply shows whether there is any difference between the various 
varieties (or treatments) on the whole. To obtain further information re- 
garding the different varieties (or treatments), it is necessary to calculate the 
standard error of the various mean differences, which is very laborious when 
there are a large number of varieties with different replications. The pre- 
sent paper indicates how it is possible to obtain more information by dividing 
the varieties into different groups by the application of the principle of least 
squares a second time in such a way as to enable us to split the total sum 
of squares for varieties into sum of squares between groups and within groups 
of the varieties. ^ ^ 

It must be clearly understood that by giving this method of analysis for 
asymmetrical experiments, it is not at all meant that experimenters can 
have their experiments in any way they choose. Synametrioal experiments 
are more efScient than non-symmetrical ones. But whenever experiments 
become asymmetrical due to unforeseen circumstances, the method outlined 
below can more advantageously be used for obtaining information on the 
different varieties. 

, Mateeiai. 

The material used for illustrating the method of analysis consists of a 
varietal yield trial with nine varieties conducted for the Imperial Economic 
Botanist at the Government Agricultural Farm, Bahraioh (U. P.). The 
details of the experiment are given below : 

Varieties tested . . P. 4, P. 12, I*. 62, P. 80-5, P. Ill, P. 120, P. 166, 0. 13. 

Pb. 618. 

(P stands for Pusa, Pb. for Punjab and C for Cawnporo) 

Layout , . .9x6 randomized blocks 

Ultimate plot size . . 46 ft. X 12 ft. or 1/80 acre (approximately) 

♦ ilead before tbe Indian Science Congr^ held in Madraa^ 194Q 
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EXPEiliMBNTS 


G^tieral matiuring . 
Sowing date . 
System of sowing . 
Irrigation given 
Harvesting date 


Sannhemp greet! mannre 
26 October 1937 

Behind dfc^^ plough in fiiiTows 8 in. to 9 in. apart 
One, 12 to 13 November 1937 
22 to 28 March 1938 


Plan of the showing the, yield of gtain pef plot in pounds 


I 

' ' ' . ' 

. ' hki, 


Gt 

15*60 

F 

12*25 

D 

24*75 

B 

24*75 

Or 

S 

31*26 

A ' 

19 ‘-60 

II 




c 

H 

A 

0 

F 

E 


... 

*•• 

... 

27*00 

83*00 

16*26 

17*60 

19*26 

23*75 

III 




D 

a 

H 

B 

G 

B 


... 


... 

24*60 

18*76 

27*00 

20*75 

27*75 

28*75 

IV 




A 

H 

F 

I 

B 

D 


... 

... 

... 

24*60 

31*00 

16*00 

34*26 

30*00 

18*25 

V 

i 

I 



H 


0 

B 

B 

F 


••• 



32*00 

... 

18*25 

21*26 

21*60 

17*50 

VI 



F 

0 

G 

I 

D 

E 1 

B 


j 

... 

16*00 

16*00 

21*25 

28*76 

17*00 

18*76- , 

23*75 


Method of astalysis 

Constants a, b, c, d, e, f, g, h and i ; bj, bg, bg, b^, bg and bg representing 
the varietal and the block effects respectively are fitted to the data by apply- 
ing the principle of least squares. It can easily be shown that the equations 
for determining the above constants are 

r 7m4*7bi4‘9'+b-f'd-fe-j-f+gH“h == 143 • 25 (Total for block I ) 

6m+6bj+a+c4-e-hf“Hg-|-h =:136-75 ( „ „ „ II) 

Set 1 . Bm-fOba-fb-fe-fd-fe-l-g+h =147.50 ( „ „ „ HI) 

eto-i-Sbi-fa+'b-f d-j-f+h-f i =154.00 ( „ IV) 

Sm-f Shg-fd-He-ff-f-g-f h =110-50 ( „ „ V) 

^7m-f 7bg4-b + c+d-|-e-ff+g-f i =135-50 ( „ „ „ VI) 


'' 3m -{- 3a -j- bj + bg -f 
4kn 4- 4b-f bi + bg + bi + bg 
3m 4" 3c -f- bg -j-' b g bg 
5m4’5d4*bi4-b34-bg4'b54“bg 

5m 4- 5 e 4- b 1 4- b a 4- b 3 4- b g 4- b e 

; 5m+5f4.bi4-b24-b4+b54-bg 
i 6m4"5g4-bj^4‘b24‘bs4“b54-bg 
5m4-6h4*bi4-b2-|-b3 4“b44-br 
^ 2hi4‘2i4‘b44‘bg 


= 59*75 (Total for variety A) 
=107 -25 ( „ „ „ B) 

= 76-00 ( „ „ „ C) 

= 106-00 ( „ „ „ D) 

= 100-25 ( „ „ „ E) 

= 80-00 ( „ „ „ F) 

= 86-00 ( „ „ „ G) 

= 154-25 ( ., „ „ H) 

= 68-00 ( „ „ „ I)' 


For practical purposes the fonnation of the above equations is easy. 
The left hand side of set 1 is the sum of least square estimates of the 
different varieties in blocks I, H, VI plus the respective block 
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effects ; that of set 2 is the sum oi least square estmiatos nt t 
multiplied by the nu m ber of times it occurs plus the eflects of tl 
which each variety falls, m is thq general moan of all tlic plots and h 
bg have been 80 selected that 

By virtue of the above relation we will also find that 

3aH-4b+3c+5d+6e+8f+5g+5h + 2i=0 

Eliminating m, a, b, c, d, e, f, g, h and i from set 2 by the aid of set 1 

r 325b,— 68bj— 63br- 7lb4--eobg. -O.'ih,,- — 52«-7f) 

— 68b, + 272bj— sebj— 44bg- ..IHb^— r.()l.,= 

Sets . J — 63b,— 66b,+277ba— SObg— 48bj— 71b,-. ;m3-2.7 


56b,+277ba— sob,— 48b,— 71b,-= 363-25 

44ba— 39b,+ 250b, —36b,— 69b,^. 613-25 

4ba— 4b,— 3b,+ 20b,— 4b,= 26-00 

664+ 6b, + 6b,-f 5b, + 7b,=. , 0 

Solving the above set of equations we get 
b,=— 1-16823, bi= 1-37377, b, =0-96102 
b ,= 1 -74759, b,= 1 - 11208, b,= 3 - 12729 

Substituting these values in the 1st set of equations, we find 

a=— 3-09990, b= 4 -84387, 0=3-23264 
d=— 1-07029, e=— 2-14663, f=— 6-35285 
g= — 4 - 99663, h= 7 - 67940, i= 7 - 32499 

The reduction in the sum of squares due to constants fitted is 

biBi+b4Bj+b,B,-f-b4B,-|-b5B5-f b,B,-f a'l’a ht’7j,-|-<-'l’e4-dTd-l-eTe-bfTf pgTa hh'l’h -f 

-biTi, 

Where Bj, ..... ... . . . . .Bg ; T^, Tb, ».Tj are the blocks 

and the treatment totals respectively, and is equal to 1063 -811. 

Sum of squares for varieties alone is=.- 1053 -811 — sum of squares for 
blocks calculated in the usual way, i.e. — 1053-811 — 184-994—868-817. 

We can now draw up the analysis of variance table after calculating 
the total sum of squares in the usual way. 

Analysis of variance 


Bum 

of 

S(|iiarojdi 


M.e.af'i sc|iii.u’e 


Variance due to 


freedom 


Blocks 


Varieties 


Total 


Before we proceed further, . let m get tlio least s(iiuire estimates of the 

Tarious varieties. They are 

a-f-m, b+m, i-4-in. 

A« 19*26490 B== 27*20872 (.5- 25*59750 

l)= 21 *29457 20 *21938 10-01201 

G« 17*30933 H^30*04435 I«20*68O85 


IV] 
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THK ANALYSIS OS' SlMSL® NON-SYMAIETEIOAL EXPEEIMENTS 


From the ang-lysis of, variance table, we note that the differences among the 
various varieties are on the whole significant. Further information regarding 
the varieties can be had either by examining the mean differences with the 
help of their standard errors or by grouping the varieties into different classes 
which are possibly significantly different from one another. In non-symmetri- 
cal experiments it will be found that the latter method is more convenient and 
involves less labour. In our example, examining the least square estimates,* 
it looks that the nine varieties can be classified into four groups as follows : — 
A=D=E. I; B=C. 11; F=G. Xtl ; H=I. IV 

Our object now is to see whether there is any significant difference between 
and within these groups. For this, fit constants x, w, y and z to represent 
these groups to the original data, i.e. m+x, m+w, m+y and m+z are the 
least square estimates of groups I, II, III and IV respectively on the assump- 
tion that there is no difference between the various varieties comprising the 
groups. The equations for determining the constants x, w, y and z ; b^, b^, 
^31 b 4 , bj and b* are 

7m4~7bi4-3x4'W-j"2y4-zi — 

6'm4-6b2+2x+w+2y+z =136-75 

6in+6b^-f2x + 2w+y+z =147-50 J- (1); 

6m+6b4-f 2x4-w-fy-f2z =154-00 

. 5m+5b6-i-2x-f 2y+z =110-50 

_7m+7b6+2x+2w+2y+z =135-50^ 

13m+13x+3bi + 2b2 + 2b3+2b44-2b6+2b6 =266-00^ 

7m-i-7w-hbi+ba+2b34-b4+2b3 =183-25 X2) 

10m4-10y+2bj^-f2b2-[-b3+b4-f2b5-f.2b4 =166-00 

7m + 7z4“bi + b2+b8+2b4-j-b5-fbg =212-25j 

As before, m is the general mean of all the plots, and b^, bg, .bg 

are so selected that 

7bj^-[- Oba-f" Oba-f- 6b44‘ Sbg-}- 7b4=0. 

.It may be noted that for practical purposes (1) is obtained from set 1 by 
putting a=d==e=x ; b=c=w ; f=:g=y ; h=i=z and (2) from set 2 by adding 
up the equations involving a, d, e ; b, c ; f, g ; h, i ; and putting in the final 
equations a=d=e=x, b=c=w, f=g==y, h=i“Z. 

Eliminating bj, bg,. ............ .bg we get 

13x+ 7w+10y-f 7z= 827-50 

1331X— 24y— 12z=26401-50 

— 35x4-1355w-™ 5y— 20z=34516-25 
— 59x— 20w~29y+1403z= 39802 -75 
Solving the above equations 
x=— 1*95783, w=4-13921, y=— 5*66257, z=7-58611 

Substituting the values in (1) 

b^=— 1-11868 b\2=l-01272 b3= M7075 

b4= 1 . 67960 bg- 1 • 26607 be=— 3 • 09683 

Reduction in the sum of squares due to the four groups and the blocks 

is 1037 -756 and is given by xTx+wT^+yTy+zTz+bA-f bgBg 

where T^, T^, Ty and are the four totals for the respective groups. Sum 
of squares due to blocks alone already calculated is 184- 994. Hence the sum 
of squares between groups = 1037 *756— 184* 994==:852- 762. Sum of squares 
within groups = 868 • 817 — 852 • 762 = 16 • 055, Now we can draw up the final 

*This can be roughly done by the aid of S. E. for Md calculated in the usual way 
on the available number of replications. 
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analysiR of variance iable which gives almost all the information regarding 
the various varieties. 

Analysis of variance 


the four groups are highly significant. But the variance within groups is not 
significant. Thus it will be seen that the nine varieties can be divided into 
foiu: groups which are significantly different. 

Summary 

It has been shown that in the case of non-symmetrical experiments by 
applying the principle of least squares twice, it is possible to extract most of 
the information regarding the different varieties (or treatments) of the ex- 
periment. The first application gives the total sum of squares due to 
varieties. The subsequent application is so done as to classify the different 


Vaiiancc d\xe to 

I>€*grees 

of 

1 freed oiii 

Sum 
of ■ 
squHi’c^s 

Mean sciuarc^ 

Blocks 

5 

184 '994 


f Bet\)veen gi^ups 
Varieties 4 

. ■ s 

852*762 . 

284*264 

gi’oups 

5, ' '.I 

; 16 '055 i 

3*211 

Residual error 

n , 

173*014 

; 7*622 

i. . 

Total 

m 

1226*825 




A SUPPLEMENTARY NOTE ON THE ANALYSIS OF 
33 AND 34 DESIGNS (WITH THREE-FACTOR 
INTERACTIONS CONFOUNDED) IN FIELD 
EXPERIMENTS IN AGRICULTURE 


S. SUBRAMONIA IYER, M.A., E.S.S. 

Imperial Council of Agricultural Research, New Delhi 
(Received for publication on 10 July 1940) 

I N the paper on the analysis of 3® and 3^ designs published in a recent issue 
of this Journal (VoL X, part II, April 1940, pp. 213-36) the method of 
calculation of the partially confounded three-factor interactions requires a 
small correction. In Table Vl-a it was assumed that in order to get the 
corrected totals W\ X', etc., it was sufficient to subtract and J 5 (Table 
V-a) from and respectively and so on. But, on examination, the 

degrees of freedom confounded are found to be as follows : — 

(1), (2) (9) refer to block Nos. (Table I-a). 

I’s, J’s, i2’s and (7*s refer to the respective diagonal, row and column totals in 
Table V-a. 


ABC 


Replication I 

w. 

Replication II 

(1) -K6)+{8) (Jj) 
(3)+(6)-f-{7) (J-,) 

(2) -h(4)-l-{9) (/a) 



ABD 

Replication I 

Y^ 

Replication II 

^3 

(1) -K6)-F(9) (Ji) 
(3)+{4)+(8)(l3) 

(2) -|-(6)+(7)(I,> 



AOD 

Replication I 

Z, 

Replication II 
W, 

W, 

w. 

(1) +{4)-}-(7) (J?i) 
(3)-h(6)-K9) (R 3 ) 

(2) +{JS)+{8) (S,) 
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BCD 


EBFBEENCE 


Yfttee, F. {1937). Imperial Btireart 0 / Soil Science Tethniad C(mmvm,icaUon JSo. 8 $ 


Replication I 

Z. 

X, 


Replication II 


(l)+(2) + (3) (Cl) 
{4)+(S)+{e) iOt) 
{7)+(8) + (9){0,) 


Therefore in. Table Vl-a, for ABC, we have to subtract from Tfg 
X, and Ji,s from and Xg ; for ABD, l^s from Y 2 and and from 

Tg and Z^, and for AOD, from Z^ and W 2 and from Z^ and If 

There is no interchange in the case of BOB. I’hiis for ABC (If ) the 
working sheet will appear as follows : — 


ABO 



1 

'■2 

.'3 


w 

2012 

2011 

2228 



1363 

1269 

1316 

{^19 ‘^8 J 3 of 

Table V-a) 

W' 

649 

„ : 762 

912 


instead of 

649 

696 

969 

and so on. 


The totals thus obtained have been checked by calculating them inde- 
pendently from the replication in which the particular interaction is not con- 
founded. 

On the basis of these new totals the sum of squares m the final table of 
analysis of variance (Table X-a) corresponding to:— 

XB <7 (F') will be 1300 '96 instead of 2217-18' 


ABO(X') „ 4819-68 „ 12327-11 

ABD{Y') „ 2462-29 „ 4693-86 

ABD (Z') ,, 2046-69 „ 6909-73 

AOD(W') „ 186-21 ,, 30680-40 

ACD (Z') „ 4048-23 ,, 964-74 

and remainder 78237-91 „ 36417-86 


The main point to be emphasized is that while applying the general 
rule regarding the block totals for estimating the unconfounded part.s, it is 
important to see actually in any particular design which totals correspond 
to Wi, Wz, Ws and so on and not subtract J^, Jg, Jg of the block totals for 
instance from the respective and ff 3 . In other words, for each 

design of the type considered, it is essential to see which block totals give 
the comparisons of the confounded degrees of freedom in eac-h replication. 

can easily be done with the help of Table 43 in Yate’s [1937] bulletin 
on the ‘ Design and analysis of factorial experiments ’. 

I am thankful to Mr P. H. Carpenter of the Tocklai Tea Experimental 
Station (Assam) for bringing this point to my notice. 
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NOTE 

NOTIFICATION NO. F. 1-9 (3)/40-A, DATED THE 29TH 
MAY 1940, ISSUED BY THE GOVERNMENT OF INDIA 
. IN THE DEPARTMENT OF EDUCATION, 

HEALTH AND LANDS 

■n"'HE following Order issued by the Ministry of Agriculture and Fisheries, 
1 London, called ‘ The Importation of Plants (Amendment) Order of 
1940 ^ is published for general information : — 

STATUTORY RULES AND ORDERS 1940 No. 544 
Destkijctive Iinsect and Pest, England 

'The Imfoutation of Plants (Amendment) Order of 1940 dated April 

10, 1940 

(D. I. P. 607) 

The Minister of Agriculture and Fisheries, by virtue and in exercise of 
the powers vested in him under the Destructive Insects and Pests Acts, 1877 
to 1927 (a), and of eveiy other power enabling him in this behalf, orders as 
'follows : — 

Modification of the Importation of Plants Order of 1939 

I 1. The Importation of Plants Order of 1939 (6) (hereinafter referred to as 

: the principal Order ’) is hereby modified in the manner provided by this 

I 'Order, . ■ ■ ■ ■ 

I Application to Spain of Articles 5, 6 and 7 of the principal Order and of the 

Third Schedule thereto 

2. Article 5 (5), Article 6 (1) and (3), Article 7 (1) and (3) of the principal 
Order and Form A in the Third Schedule thereto shall be read and have effect 
as if in addition to the countries specifically mentioned Spain were mentioned 
therein ; and in respect of any plants potatoes raw vegetables and cider apples 
grown in Spain any certificate required by any of the said Articles shall be a 
certificate of a duly authorised Official of the Spanish Phytopathological 
^Service. 

Amendment of Article 6 of the principal Order 

3. For Article 6 (2) of the principal Order shall be substituted : — 

^ (2) The landing in Englad nor Wales between the twenty-first day 
of April and the thirtieth day of September in any year of any 
raw vegetables grown in Belgium, Germany, Luxemburg, or the 
Netherlands is hereby prohibited unless in the case of a consign- 
; ment landed betw^een the twenty -first day of April and the 

f thirty-first day of May in any year each consignment is accom- 

panied by a certificate of origin vise by a competent authority 
in the country of origin stating the country and place where 


(a) 40 and 41 Viet. C. 68, 7 Edw. 7. C. 4 and 17 and 18 Geo. 5. C. 32 
m S. R. and O. 1939 (No. 532) I. P. 635 
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the rcw vegetables were grown ; and in the case of a consignment 
landed between the first day of Jnne and the thirtieth day of 
September in any year each consignment is accfjtnpanwd by a 
certificate of a duly authorised Official of the Belgian, Oernian, 
Luxemburg or Dutch Bhytopathological Service (as thci ease 
may be) in the Form A or the Form T? set out in the dhird 
Schedule to this Order.’ 

Comnuimemetit 

4. This Order shall come into operation on the twenty-first dav of April 
nineteen hundred and forty. “ ' ’ 

Short Title and Construction 

6. This Order may he cited as the Importation of Plants (Amendment) 
Order of 1940 and shall be read as one with the principal Order, and the priiici- 



REVIEW 


; ¥egetative Proiagation of Tropical and Snb-tropicaJ. Plantation CiopSo. By 
G. St. Claib Feilbeit anb R. J. Gabistbr. Technical Communication 
13 of the Imperial Bureau of Horticulture and Plantation Crops. East 
Mailing, Kent, England, 1940, pp. 99, bibl. 284, 3^. 

W HEN in 1936 the Imperial Bureau of Fruit Production issued a tech- 
nical communication dealing with the vegetative propagation of some 
100 fruit varieties grown in the tropics and sub-tropics, it was not without 
misgivings as to the number of persons likely to be interested. That such 
fears wwe unwarranted was quickly shown by the demand on issue. This 
was immediate and so considerable as to necessitate the reproduction of the 
publication in the following year. 

The present wwk by the renamed Bureau, which deals, appropriately 
enough, with the vegetative propagation of some 55 plantation crops, should 
form a useful companion volume. The help of technical experts has been 
invoked for adequate treatment of such major crops as rubber, coffee, cacao, 
etc., while the foreign literature has been thoroughly combed for details of 
propagation of the less familiar, but nevertheless, important crops. 

One feature of the previous work which commended it also to workers 
in temperate regions is retained and considerably enlarged. That is the 
section devoted to methods used in vegetative propagation. The descriptions 
there are supported by simple, clear line drawings of some 17 types of graft 
I and 7 types of budding commonly used in vegetative propagation. 

In addition, tropical workers will be glad of the account and illustrated 
detail of the construction of loosely -woven potting baskets which have been 
found so useful a substitute for pots in nursery work in the tropics. 

I For those who wish to study originals a list of references immediately 

f follows the discussion on the propagation of each particular crop. 
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ORIGINAL ARTICLES 

THE PBOBLEM OF INTEE-PBOVINCIAL PLANT QHABAW 

inriTTniL-rTr^v-Nt ; 


TINES IN INDIA 


G. WATTS PADWICK 

Imperial Mycologist, Imperial AgricvMural Research Institute, New DdU 


B. N. UPPAL 

Plant Pathologist to the Bombay Government, Agricultural College, Poona 

(Received for publication on 2 January 1940) 

Crop categories in India 




Inm'rpca W 4 + a- T a aescripDion it ae- 

* quires by ^tue of its separation from the rest of Asia on its northern 

Himalayas. There are land-passes of fairly low altitudes at 
the eastern and western extremities of the range, but m g£aeral the mour 

LTofSrt d-' as ’effectively alZe Zl The 

and southern nllteau ^Jh northern plains, and the central 

txf 1 ^ southern plateau there are only a fewhivh 
„ n 1 ^ Western Ghats rise to an elevation of about 3 000 ft. with 

about SOO^ft Eastern Ghats have an average elevation of only 

about 1,600 ft., with much lower peaks. 

The plains of northern India have a climate divisible into four distinct 
. earons ; the cold weather, from November or December (according to locality) 
1 - April ; a period of extreme heat following ; the monsoon period of 

anrToctober^itfa sec^^T^^*^- ’ post-monsoon period of September 

in humidity’ Snuthf m temperature accompanied by a gradual fall 

in ffumidity. Southern India s clnnate, at least in the lower altitudes is a 

of that of the plains, the hot weather starting much sooner 
Se and the cold weather bfing moSd! 

ImnSir J f! considerable areas of 

h3t tn cEmate, isolated from one another by areas of lower elevation with 
ivr“b n temperatures. Thus, for instance, the Nilgiris in Madras 

Hodaikonal and Nandi HiUs (nfdras), the East- 
Vindhyas in Central India and the Central 
Provinces, are aU separated by wide expanses of low-lying lands. In these 

Ag^n in the vegetables, are grown. 

oS£ to similar crops in 

QHgg^^.Hal ^y, North-West Frontie r Province, Kashmir, Kulu in the 


^ 5r.S 
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Punjab, Ramgarh and Chaubattia in the United Provinces, and Sikkim, all 
isolated from one another by long distances although connected by a common 
elevation level. 

In addition to separation by mountain areas, there is another form of 
barrier in India, namely desert area. Actually there is only one siieb im- 
portant area, the Rajputana desert, an area of extremely high temperatures 
and low rainfall in which the crop.s are mainly those which can grow on tin* 
small amount of residual moisture resulting from the meagre mon.soon showers. 

In brief, then, India consists of one large ])lain growing tropical or sub- 
tropical crops, cut up in many parts of the south by isolated hill ranges, and 
bounded on the north by the huge range of the Himalayas. It is lik(; an ocean 
dotted with islands, the ‘ ocean ’ being the area of low elevation having an 
almost continuous connection throughout, the ‘ islands ’ being the high eleva- 
tions, separated completely and frequently isolated from one another in lids 
manner by great distances. 

The staple foodstuffs of India grow on the plains, the hills growing only 
special crops such as temperate fruits and vegetables, with a mere .smattering 
of the staple crops such as wheat, jowar, maize, pulses etc. The staple food- 
stuffs (the pulses and cereals) and also the major fruits (oranges, mangoes 
bananas etc.) are grown throughout the lower elevations of India. Xaturally 
there are areas particularly noted for certain crops. Thus, for example, the 
drier belt of the northern plains (west United Province.s and the Punjab) relies 
largely on gram (deer arietimm L.) as a pulse, whereas the wetter part of the 
plains (east United Provinces and Bihar) grows mainly pigeon -pea {Guja ims 
cajan). Yet both gram and pigeon-pea can be found in considerable quantities 
in Bihar and the Punjab — and indeed in any pj-oviace of India. Rice, the 
staple diet of large parts of Bengal, Madras, and Kashmir, is a crop eminently 
suited for wet climates, yet it will be found in .small quantities even in very 
dry areas provided a small spot of low-lying land can be found near a river- 
bed. Similarly the best bananas, and by far the largest quanlities. are grown 
in Southern India (Madras, Bombay, Mysore etc.) but there inv. no lo\v-hm<l 
parts of India without their bananas, usually their own local variety. 

With commercial crops, there is some difference. Jute, for instance, is 
restricted to a small area in Bengal, coffee to Travancore and Myscu'o, ami tea 
to a few districts in Southern India and the north-easteiai Himalayas. On 
the other hand sugarcane, which has developed commercially only in Bihar and 
the United Provinces to a substantia] extent, is grown all over India foi' local 
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(5) Temperate crops of restricted distribution (e.g. temperate fruits such 
as apples, pears and plums) grown in the hills. 

(6) Temperate crops of wide distribution (e.g. common European vege- 
tables) grown during the warm weather in the hills and during the cold weather 
on the plains. 

Distribution of diseases 

No systematic survey of diseases has ever been conducted in India, for the 
simple reason that the number of plant pathologists has never been adequate. 
We are, however, able to get a certain amount of information in some ca-ses, 
and since the question of quarantine cannot even be intelligently considered 
without some knowledge of disease distribution w^e have drawn heavily on 
published literature to gain some insight of the subject. Numerous publica- 
tions have been referred to, but particular mention may be made of ‘ Fungi 
of India ’ by Butler and Bisby, the ‘ Fungi of India — Supplement I ’ by Mund- 
kur, and ‘ Fungi of Bombay ’ by Uppal, Patel and Kamat. By reference to 
these and numerous other publications it has been possible to list in Table I, 
we hope without many omissions, the recorded occurrence of the important 
diseases of a number of selected crops. In preparing this table we have select- 
ed a few important crops from all six ‘ categories ’ described above. We have 
listed all the diseases occurring on these crops in India which have either shown 
themselves capable of causing severe damage in India itself or else are known 
to cause severe injury in some other country. The diseases thus analysed 
total sixty-eight. 

Table I 


Recorded distribution of fungous diseases of some important Indian crops, which 
cause severe damage or are considered potentially dangerous 
fudging by their behaviour elsewhere 


Crop 

Category 

Disease 

Cause 

Distribution 

Wheat 

1 

Stem nist 

Pzieeinia graminis Pers. 

General 



Brown rust 

Pticdnia triticina Eribss. 

General 



Yellow rust 

Puccinia glumarnm (Schm.) Erikss. 
and Henn. 

Northern India «nd 
Nilgiris 



Loose smut 

Usiilago trifici (Pers.) Jensen. 

General 



Leaf spot 

Septoria trUici Desm. 

Punjab 



Eoot-rot 

Eelminthoaporium sativum P. K, and B. 

Pusa (Bihar) 



Flag smut 

UrocgstistrUici Koem, 

Punjab 



Indian bunt 

Neovossia indica (Mitra) Mundkur 

TiUetia caries (DO.) Tul. 

Punjab and N.-W. F. P. 

Himalayas 



Bunt 

TiUetiafoetans (Berk, and Curt.) Tul. 

Barley 

1 

Covered smut 

UstUago hordei (Pers.) Kellerm. and 
Swingle 

; General 



stem rust 

Pucdnia grammis Pers. 

General 



Yellow rust 

Puccinia glurmrum (Schm.) Erikss. 
and Henn. 

Northern India and 
Nilgiris 
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Biscage 


(jat.rpory 


Mfhitinihmvarivm gromivf'vm Babi'nli. JMisa OMIiar) anti 

' ■■! ■" I'liajab' 

Mtlminilmjmivw n/Hrvni P. “K. and Pnsa (Blluir) tiiil 
B. i Pim|t!) 

W[elminfJtmpmi%m imt Saee. . Pnsa (Blliftr) ani 

■ . ■ ,i ■ Pimjal) , ■ 

(PcTS*) Jensen General 

MdMmtJio^ponum aveme Bid. 

BphaceMMm mgM (Linic) Clinton 


l^et blotch 


Smnt 


Xeaf spot 
Grain smut 


General 

General 


Jowar 

(Sorglmin) 


long smut 

Downy mildew 


TotypoBporium BhfenHfgii (Etihn) Pat. 

ScUrospora sorgM (Bnlk,) West, and 
Dppal 

JFusafiim tminfedum Atk. (?) 

pAflMoH (Manbl.) Ashby General 

i ' 

Mt/mspJmerella faMei Kovaelievsky ; Punjab and K.-W. V, V 
S’umriumnp, 

Pmifhmoiim eitri Basse 
PJiytophthom. palmivom Bistler 


General 


General 


Pigeon-pea 


General 


Gram 


Blight 

Wilt 


fseneral 


Canker 


Gnmosis 


Thronghont tlie Btjm- 
bay-Deeean. 

General 

Mysore ; Punjab and 
U.P. ^ , 


Wither-tip 
Sooty mould 


CoUetotHclmm gheosporioMes Penz. 
Pimerospommi mmgifenm Cke. and 


Mango 


Twig blight 
inthraenose 


? PotheoreUa mangifeme Syd. 

GlomefelM dngulafa (Stoneni.) Spaiild. 
and V. Schrenk 

Macrophmnirm plmpdi {Mnnhl.) Ashliy 


T.ueknow, IT. P. 

Madras and Punjab 
on other 
hosts' elsewliere) 

P.<‘iigal t'and throughout 
India on other hO'»t^) 

'i’hroughfnit the Pf.rea^ 
growing districts of 
Burma and South 
■■■ 'India ■ 

There is NCme eonfu- 
Kion as to tim iden- 
tity of t!u‘ two orga- 
nisms, Dastur having 
suggested that they 
are Identical In any 
case pul- 

ndvom at. least Is 
witiespreati oi> Hevenil 
hosts 

Widespread In the 
Hfirea-growing districts 
of AHsam, Bunna and 
South India 
Travaneont 


Rubber 

(Bevea) 


leaf-fall 


PhyiopMkom palmh^ora Butler 


Pkpfophtkofa memUi lilcRae 


Pink disease 


Corticiim Balmmiieolnr Is. nml Br. 


Mildew’’ 


Otdium hevm Steinman 
Otoeosporium tilbmthnmi Pet, ch. 
Botryodiplodia theobromae Pat. 


Travancore 

Bunna, The fungiiB 
Is of general <llsiriBu- 
tion on other hoat« 

F» ianmmii Is of gene- 
ral distribution ; G, 
pMmdutfBfrmm !«» 
been rei orted from 
Burma 


Fames Umoemis (Murr.) Sa<'e. aud 
■ Trott. 

Banodemu psevdoferrmm (Wakef.) von 
Overeem ami Btoinnmn iP*omes 
psetidofemus Wakef.) 
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Category Disease 


distribution 


Sugarcane 


Top-rot 

(Pokkah-beong) 


Colletx^HcJmmfalcaium (Went.) 
Cephalosporitim sacchari Butler 
Vstilago leitaminea Syd. 
Fusanum monilifome Bheld. 


Wilt Fusanum msinfednm Atk. 

Root-rot Macroph(mma pMseoU (Mauhli.) Ashby 

, A nthracnose GlomereUa Gossypii (Sonthw.) Edg. 

Blight ColletotrieMm indicum Da? tur 

Angular leaf-spot Pseudomonas malvacearum. 

Leaf-spot Cercosporanicotianae'EXi.sii^d'Bv, 

Wilt Bacterium solanacearum E. E. Sm. 

I Mildew Erysiphe Hchoraceanm DC. 


Pusa (Biliar) 
Central Provinces 


Bengal (and in various 
I 1 arts of India on 
! potatoes) 
j General 


Phptophihcra palmhom Butler 


Bleeding disease 


Powdery mildew 


Branch blister 
Powdery mildew 


Early blight 


Late blight 


Bacterial wilt 


TMelmiopsis paradom (de Seynes) v. 
Hohnel 

Sphaerotheca panmsa (WoUr.) Lev, 
Taphrina deformans (Berk.) Tul 

Scelerotinia cimerea (Bon.) Schroet. 

? RoselUnia sp. 

Botryosphaeria ribis G. and D. 

Coniothedum chomatosporum 

Podosphaera leucotiicM XEll. and Ev.) 
Salmon 

Venturia inaequalis (Cooke) Wint, 

I AUernaria solmi (Ell. and Mont.) Jones 
and Grout 

Actinomyces (Thaxt.) Gnssow 
Phytophthora infestam de By. 
Etesanwm spp. 

Bacterium solanacearum E, E. Sm. 


Northern India and 
Bombay 

Throughout the coconut 
districts of Bengal, 
Madras and Southern 
India. The disease is 
also common on lioras^ 
sus flabellifer almost 
wherever grown 

Widespread in the 
Southern Peninsula 

Throughout southern 
and eastern India 


Mountainous tracts of 
Assam, Bihar, U. P., 
Kashmir, Punjab and 
N.-W. E. P. 

Kashmir ? 

United Provinces 

United Provinces 

Kumaon hills, U. P. 

Punjab, Kashmir and 
United Provinces 

Kashmir and Punjab 


Khasi hills and Bom 
bay 

Himalayas, Khasi hills, 
Assam, Bengal plains 


Bombay, Mysore, Unit- 
ed Provinces, Nilgiris 
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. The followiiig coBcliisioiis caa be' drawn from, the 'table .(Table 'I) at a . 
glance. 

(1) Of the' sixty-eight' .d.keasej=i eonBitlei'ed, iwcnty-Heven ui’o of gmi> 
ral distribution tbiwighoi.it Indlaj/. while in a iioiher six eases the. fungi com 
cerncd have a wide distribiition on other hosts. Of the remahiing ihirty-onc 
diseases, fourteen are common in most parts ol‘ the country where t!ie <*ro])H 
are grown, but have not been listed as being of 'gejieral ' distribution bfumise 
the crop itself is rather limited to special areas. 

(2) There remain only twenty-one diseases of which th(‘ recoi’ds indicatii 
possibly a narrower distribution. 

(3) The proportions of cases in which possildy a iiarrow distribution is 
indicated, as divided amongst the various crop categories, are indicated in 
Table II. 

" Table II ^ S 

Proportions of diseases of wide and narrow distfibutiom in India 


Description 


Diseases of | Diseases of 
fairly wide ! possibly nar- 
d.istri.bution ! ' rower distri* 
bution 


3 Commercial crops of restricted distribution 5 

4 Commercial crops of wide distribution j 5 

5 Temperate crops of restricted distribution 2 

6 I Temperate crops of wide distribution 4 


In reaching the above conclusions, howwer, one point must be made clear. 
If the figures err at all, they err in the direction of multiplying unduly 
‘ diseases of possibly narrower distribution Three of these diseases (root-rot 
of barley, scab of potatoes, root-rot of apples) are soil-borne and may readily 
have escaped identification. Soma are no doubt restricted by climatic con- 
ditions to certain districts. Yet others may have been observed in other 
districts but not reported, or may have escaped observation. 


Feasibility and limitations of qttaeanttnk between neighbouring 

PROVINCES 

It has been pointed out that geographically India consists of one large 
plain with a number of isolated hiU or mountain tracts. The provincial bound- 
anes bear very little relationship to the topography, and the hill tracts may be 
divided between a number of provinces. The natural barriers in the form of 


Category 


Staple foodstuffs (grains and pulses) 
Sub -tropical and tropical fruits 
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mountains or deserts or climatic conditions are few. A large iiiimber of severe, 
diseases are widespread ; a few may be of more limited distribution. Several 
questions now arise. Can we expect to control the spread of diseases by inter- 
provincial regulation of trafBc in plants and plant products ; if so, should legis- 
lation be general or restricted to certain diseases ; and finally is it lilcely to pay, 
the anticipated savings being likely to exceed the cost of adniinistratioii ?■ 
There is at present a considerable inter-provincial trade in propagative 
material and material such as grains and pulses capable of being used for pro- 
pagative purposes. The propagative materials include seeds, tubers, cuttings, 
seedlings, bulbs etc. The food-stuffs liable to transport diseases are mainly 
seeds, fruits and tubers. There is no guarantee that goods transported for 
consumption will not be used for propagation. 

There are large numbers of points of entry between one province and 
another, and transport may be by road, rail or water. 

There are, according to McCubbin [1936] five recognized types of qua- 
rantine action : — 


Embargo 
Detention 
Disinfection 
Inspection 
Unrestricted entry 

Embargo could certainly only be applied in very rare cases. It probably 
could not be used for crops of categories 1 and 2 (basic foodstuffs and fruits 
of the plains) in which there is extensive inter-provincial trade. The indica- 
tions are that in crops of categories 3 and 4 (commercial crops) the potentially 
dangerous diseases are widely distributed and quarantine measures are not 
oalledfor. 

Detention, which means holding in quarantine during a fixed period of 
observation, needs a far greater expert staff than embargo. It might be adopt- 
ed in the case of a few specific crops of categories 3 (commercial crops of re- 
stricted distribution) and 5 (temperate crops of restricted distribution), pro- 
vided a specific case was made out. 

The value of disinfection has been analysed by McCubbin and has been 
shown to be an important procedure only in the case of seeds. At the present 
time, however, we have no means of knowing, for the vast bulk of seeds trans- 
ported (cereals and pulses) whether they are to be used for seed or consump- 
tion. Many of the best disinfectants are poisonous and there is little doubt 
that disinfected seed crossing a provincial frontier would lead to numerous 
cases of litigation and finally to a serious hampering of trade, to say nothing 
of the immense staff required for the purpose of disinfecting. 

Inspection has been shown by McCubbin to have in itself very low rank 
for purposes of exclusion ; at the same time it requires a very large expert staff. 
It is considered by McCubbin to be a distinct quarantine function only when 
it alone is depended on as a means of protection. There are certain cases of 
vegetatively propagated plants, such as fruit trees and grafts, in which a con- 
siderable trade is done. Embargo is out of the question and disinfection 
methods cannot be used unless the exact details of the disinfection required 



are Icnown. If we are to have protection it most be througli insp<‘c*tiou or 
detention, and since detention may in some oases result in severe damage to 
the plants, inspection may prove most useful. 

Unrestricted entry is considered by McCubbin to be safe for a large jnopor- 
tion of seeds. This is particularly fortunate, for the intcr-proviacial cotnmer(.-e 
in seeds, used either for propagation or for food, must be very great and there 
is little hope of adopting, at the present time at any rate, any meibod of 
treating this type of product, or even of adequately inspecting it. 

To summarize, it seems that for the bulk of plant products in India, i.o. tlie 
foodstuffs (grains, pulses and fruits) grown on the plains, we are not at preseni 
justified in establishing inter-provincial quarantines, for the following reasons 

(1) Embargoes would interfere with trade, detention is useful only for 
growing plants, and disinfection is dangerous. 

(2) Adequate inspection of plant products generally would involve staffs 
completely beyond the power of the provinces to provide. 

(3) The plains crops are on the whole widely distributed. Many of their 
diseases are similarly distributed, but in the absence of survey data wc cannot 
say if this is true for all. It is difficult to name more than one or two cases 
where inter-provincial quarantine of this type coxdd bo expected to pay for 
itself. 

(4) In these crops the largest commeree is in seed.s, which according to 
McCubbin are the most safe category of plant products for unre.stricted entry ; 
and fruit, which possibly does not serve largely a.s a distributor of disease. 

(5) The plains crops are widely distributed, with few natural boundarie.H 
to prevent spread of diseases. 

It is possible, however, that even amongst these ciHqts there are specific 
cases for quarantine in propagating materials other than seed. In bananas 
the dangerous vims disease ‘ bunchy top ’ has recently been .susijected in two 
places in India. There is every reason why measures .should be adotffed to 
prevent suckers being sent from these places to healthy districts. Other similar 
cases may exist amongst virus diseases of vegetatively propagatt'd plants. 

The commercial crops of wide distribution such as sugarcane and tobacco 
have a very high proportion of their diseases distributed over wide areas, 
indicating that here little would be gained by quarantine measures. Tho.s(j 
of narrower distribution have not been sufficiently thoroughly analysed to 
reach a very reliable decision, but even here the indicatioiiiS are of fairly wid(^ 
distribution except in the case of two newly reported rubber diseases, ' Home 
restrictions designed to prevent distribution of rubber mildew (Oidium. hevae 
Steinmanj seem called for and should not be impossible with a crot) grown by 
large planters. 

As regards temperate crops, v'eiy considerable sums are at pi’esoiit being 
spent in research on cultivation of fruit in the hills. Many of the zones are well 
isolated from one another by long stretches of unfavourable climate. It seems 
as it there might be cases here for adopting the pi’actiee of examination and 
detention when plant parts for propagation are sent from one area to another. 
There would, however, be certain inter-provincial boundaries where the mles 
linght bo rolsxod, as those boundaries do not ss a itilo coincide with topogra- 
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j Basis fob legislative action 

The National Plant Board of America [1932] has iiid seated four funda-^ 
mental prerequisites for the establishment of a qaaraiitiiie, wliicli do not suffer : 
from repetition. They are as follows : — 

(1) The pest concerned must be of such nature as to offer actual or 

suspected threat to substantial interests ; 

(2) the proposed quarantine must represent a necessary or desirable 

measure for which no other substitute, involving less inter- 
ference with normal activities, is available ; 

(3) the objective of the cjuarantine, either for preventing introdiictioii 

or for limiting spread, must be reasonable of expectation 
■ ■ (4) the economic gains expected' must outweigh the cost' of adminis- 

tration and' 'the. interferei^^ %vith normal activities. 

The first prerequisite has a striking significance which may easily be 
overlooked. It eliminates at once the idea of basing legislation on a general 
footing. Experience has showm 'that the proper basis is the individual pest 
or disease. ' The obvious seciuence is that we must know the distribution of 
our pest, or pathogen, its ■ life-history, its potentiality for damage and the 
definite possibility of gains resulting from quarantine action. , We now have a 
fair knowledge of many lifediistories, and have a fair idea of potentialities for 
damage. We lack in many cases the all-important knowledge of distribution. 
The most likely place where quarantine may successfullj?^ and profitably be 
established seems to be in isolated hill tracts where efforts are being made to 
establish new temperate fruit and vegetable crops or to extend their cultiva- 
tion. It is exactly in these crops that our knowledge of distribution is most 
lacking. The case of Botryosphaeria ribis causing the die-back disease, and 
Fenturia causing scab of apples are cases where quarantine legislation might 
be valuable. There may be others also. 

Intensive survey work is being done in Chaubattia (U. P.) and it needs 
extension to other areas. This is our fundamental requirement in India, and 
until this is fulfilled we do not seem to be in a position to meet the ^ fundamental 
prerequisites ’ outlined by the Plant Board of the United States of Amei’ica. 

SXJMMAEY . 

The crops of India may conveniently be divided for quarantine considera- 
tions into six categories, as follows : — 

(1) The staple foodstuffs (grains and pulses) grown throughout the 
northern plains and southern lowlands, and to a very small 
extent in the hills. 



(2) The sub-tropical and tropical fruits, witii a similar distribution. 

(3) Commercial crops of restricted distribution (e.g. jute, tea and coffee) 

limited by climatic factors. 

(4) Commercial crops of wide distribution (e.g. cotton, tobacco and 

sugarcane). 

(5) Temperate crops of restricted distribution (e.g. temperate fruits 

such as apples, pears and plums) grown in the hills. 

(6) Temperate crops of wide distribution (e.g. common European 

vegetables) grown during the warm weather in the hills and 
during the cold weather on the plains. 
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In the absence of any systematic survey data for Indi; 
)eeu made from various published works which 
iion of the occurrence in India of sixty-eight diseases 
Iheso diseases are only those which are known to 
:hoy occur in India or in other countries 


la, an analysis has 
gives the best possible indica- 
of important crops, 
cause severe damage where 
j., . , ft is found that in thirty-three 

cases the organisms concerned are widespread throughout India, while at least 
fourteen more are found almost throughout the narrow geographical limits 
the crop ooncerned. ^ There remain only twenty-one cases in which ihe 
records indicate a possibly narrower distribution, though for reasons staied 
thi8 hgure is^ probably an 

-ng the applicaton of quarantine nieanureB the problem has 
- aspects. The principles recognised by tlie 

, - of America liave been taken into 

These are briefly as follows 

a threat to substantial interests. 

quarantine , 
of expectation. 


In eonsiderini^ 

been considerad from various aspects^ ''J 

National Plant Board of the United States 
consideration 

(I) The pest concerned must offer 

iol f*® lio better substitute for the proposed 

(J) ihe objective of the quarantine must be reasonable 

(4) The economic gains must outweigh the cost ofadministratkm! 

categories have been considered 
cosnised bv M°r Iv View of the five types of quarantine action re- 

and 

ouarSKnr^n'TSj! ■* »•>'»« ‘»>* for mter-provhicia l 

Snerate mil re.stricted distribution (the 

in vFrus r f r perhaps be one or two speeial cases 

SoXtl?™L^T f propagated crops on the plains, but national 
has nt facSs^ survey work for which at the present time India 
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. (With Plates XXVIII and XXIX) 

Introdxjction 

I N the fii'st paper of this series [Padwick, 1939] it was pointed out that con- 
tradictory evidence exists with regard to the ability of the species of Fusa- 
rium isolated from cotton (Gossypium sp.), pigeon-pea {Gajanus cajan) and 
sunn-hemp {Grotalaria juncea) to pass from one host to another and bring 
about infection. 

Butler [1918] said ' The pigeon -pea Fusarium has not been found on 
any other plant s When Vincens [1921] described the wilt disease of 
Grotalaria he said that the organism more closely resembled ndum Butl. 
than F, vasinfectum^ Small [1920] made isolations from wilted carnationSj 
Nigella and Delphinium and found that the fungi isolated could readily cross- 
infect the three host species. Again the same author [ Small, 1922 ] referred 
to successful cross -inoculation of Delphinium with an organism from cashew 
{Anacardium occidentale). A similar fungus was isolated from Grevillia robusta 
and caused infection oi Grevillia plants but not of jamhos and Erio- 

botrya japonica, from which isolates of similar appearance were obtained. 
Pigeon-peas grown in soil known to be infected succumbed to wilt and the 
Fusarium was isolated. It was considered to be F. udum Butl. In a later 
paper Small [ 1925 ] related that a Fusarium considered to be F, udum was 
found associated with potato-tuber rotting. It was proved to be able to rot 
potatoes and sweet potatoes. The fungus was also found on wilted beans 
{Phaseplus sp.) but could not reproduce the disease under normal conditions , 
though it could cause disease under conditions exceptionally favourable for 
its development. The conclusion was reached that the pathogenicity of F . 
udum ^ depends less on the strain of the fungus and the presence of a possible 
host plant than on the environmental conditions under which the fungus 
comes into contact with its host ’. Hansford [1939] concludes that the 

^ ' 



I umna associatea' witu wilt, diseases of some plants. in Uganda are not res- 
tricted in pathogenicity to a single species of host, 

Mitra [ 193i ] found that Fusarium msinfectum attacking suinvliemp can 
attack also pigeon-pea, though not cotton, whereas Uppal and Kulkarui 119371 
infect sunn-hemp with the organism’ from pigeon-pea or vire 

It was with a view to throwing light on this controversy that isolations 
and cross-inoculation studies were made. These are described in this paper, 

Matkbial 

For the purposes of this study infected material was obtained from wilted 
cotton sellings from Parbhani (Hyderabad, Deccan); from wilted 7 )i<aH)ti- 
pea from Pusa (Bihar), Rudroor (Hyderabad, Deccan) and Oawnpore (U. P ) • 
from wilted sunn-hemp from Pusa (Bihar) and Oawnpore (U. P.) Cultiiro.s 
ot imanum vasinfectum from cotton and from sunn-hemp were kiadlv suntdied 
by Dr B. ISi. Uppal, Plant Pathologist to the Government of Bornlisv 



Moderate (my celmnx apparently grown about half-way through the 
soil). 

Good (most of the soil ramified by mycelium). 

Excellent (soil completely ramified by mycelium). 

The soil in all the flasks of one isolate was thoroughly iiiixed. 

Soil suflicient for 620 eleven-inch earthenware flower-pots, prepai'ed by 
mixing one load of well-rotted cowdung with five loads of silty Delhi soil was 
sterilized in autoclaves at 20 lb. per square inch pressure on July 17th to 20th. 
After thorough mixing it was placed in the pots. 

In each pot 150 gm. of inoculum were spread on the surface of the soil, 
except with cultures F 25, F 152 and F 6, of which the quantities were res- 
pectively 125, 130 and 125 gm. only, due to rejection of certain contaminated 
flasks. In this way twelve pots were infested with each organism, sufficient 
for four pots each of cotton, sunn-hemp and pigeon-pea. In addition there 
were, as controls, forty-eight pots (sixteen for each host) of similarly steri- 
lized soil to each of which was added 150 gm. of sterilized maize-meal-soil 
mixture without any organism. Eight seeds of cotton (Malvi 9, kindly sup- 
plied by the Botanist, Institute of Plant Industry, Indore), pigeon -pea (I. P. 
Type 5) and sunn-hemp (a local variety from Pusa) were placed in their res- 
pective pots (four replicates of each culture and sixteen controls) and were 
covered with sterilized soil. All the host varieties used are known to be 
highly susceptible to wilt. 

The first wilted cotton plant appeared on August 16th, twenty-seven 
days after sowing. The first appearance of wilt in pigeon-pea was on August 
2nd when the seedlings were only thhteen days old, and in sunn-hemx) on 
August 7th when the seedlings were eighteen days old. For several weeks the 
development of wilt was slow, but gradually increased until on September 11th 
the maximum was reached with fifty-one plants wilting on that day. After 
September 20th wilting fell off rapidly so that in the first week of October 
only thirty-four plants wilted. Owing to the large size of the plants at this 
time they showed signs of crowding in the pots and the experiment was 
discontinued on October lOth. Each day as the wilted plants were observed 
they were kept and numbered for the purpose of isolation. 

The methods used in the first two experiments differed from those in the 
third mainly as regards the following : — 

(1) Only six-inch pots were used, with six seeds in each, but there were 

six replicates. 

(2) Prior to sowing the seeds were sterilized with formalin. After 

some deliberation this was not done in the third experiment 
owing to the possible danger of interfering with germination. 

The results of these experiments are summarized in Table I. The host 
and locality are listed, together with the number of morphologically similar 
isolates and the total number of isolates of Fusarium. It is also stated whether 
the cultures were obtained from single spores. . In columns 8-13 will be 
found the total number of seedlings which germinated and the number of 
plants which wilted in the third experiment, while in parenthesis the results 
of the first and second experiments are given. The amount of growth noted 
in the flasks is also given in Table L 




MtKterate 


Moderate | 18 | 0 | 31 (26) j 3 (0) 



♦ Figures in parenthesis refer to experiments 1 and 2. 
f Symptoms not quite typical of FusarHim wilt. 



I'uiitrol 



General view of cross-inoculation experiment with isolates of Fusarium from cotton, pigeon-pea and sunn-hemp 
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Plate XXVIII illustrates the general lay-out of the main experiment, and 
Plate XXIX shows a closer view of some of the series in infested, soil, 
illustrating clearly the inhibition of germination. 

Table II 


Summary of infection levels in the wilt-producing organisms 



Oiiitnre 

Isolated 

from 

Cotton 

plants 

wilted 

Pigeon-pea* 

plants 

wilted 

Sunn-hemp* 

plants 

wilted 

Growth of 
fungus in 
flasks of 
soil 

F 

147 

Cotton 

18 

0(17) 

0 

Poor 

F 

2 

Pigeon-pea 

0 

27 (17) 

0 

99 

F 

5 

>> 

0 

25 (32) 

0 

99 

F 

6 ■ 

99 

0 

31 (32) 

0 

99 

F 

7 

99 

0 

30 (27) 

0 

99 

F 

10 

99 

0 

32 (26) 

1 

99 

F 

11 

99 

0 

26 (32) 

5 . 

(In one repli- 
cate only) 

99 

F 

12 . 

99 

0 

27 (31) 

2 

99 

F 

59 

" 99 

0 

10 

0 

99 

F 

137 

99 

0 

32 

3 

Moderate 

F 

139 

99 

0 

29 

0 

Poor 

F 

164 

99 

0 

30 

2 

Moderate 

F 

165 

99 

0 

26 

2 

1 99 

F 

171 

99 ! 

0 

31 

0 

99 

F 

172 

1 

99 

0 

32 

0 

Poor 

F 

173 

99 

0 

32 

0 

99 

F 

174 

99 

0 

26 

0 

99.. ■■ 

F 

175 

99 

0 

24 

2 , 

99 

F 

176 

99 

0 

30 

1 

99 

F 

13 

Sunn-hemp 

1 

31 

1(0) , 

99 . 

F 

15 ■ 

99 

0 

30 

1(0) 

Moderate 

F 

17 

99 

. , 

• • 

13 


F 

18 

99 

0 

2 

10(11) 

Poor 

F 

19 

99 

0 

0 

6(18) 

Good 

F 

26 

99 

0 

0(0) 

14(12) 

Poor 

F. 

,166 

99 

0 

0 

23 

Moderate 

F 

168 

99 

0 

0 

23 

99 


DoyJbtful cases 


F 25 

' Cotton 

1 4 

1(0) 

0 

1 Poor 

F 3 

I Pigeon-pea 

0 

3 (0) 

0 

1 Excellent 

F 4 

! ' 99 : , 

0 

0(7) 

1 ' 

Moderate 

F 167 

Sunn-hemp 

0 

0 

7 

Excellent 

F 169 

■ t ■■ ■ ■ »» „ ' 

0 

0 

9 

99 

F 170 

i »» ! 

i 1 

0 

. \ ■■■ 1 

0 

■■■ . 

5 

99 


^ Figures in parenthesis refer to experiments 1 and 2. 
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■ CONCLITSION 

The inajor experim.eiit/ on which our (.*(>ju*hisi()ns narsi lar^-i^ly bo baHCfb 
involved the um of fifty-one ■eultiire.s, some hundreds of flankn, and ovct 600 
pots containing in all about four tons of soil which had to be sicrili/XMl. Onci^ 
completed there were iinmeimis ways in whicli contandnaHon ihmi pat io 
pot could take place— by water, aiiitnals, birds and inscids, and vuu'kcrs*' 
hands to mention only a few. Precautions were taken to redu(*c these to 
minimum. Taking into account tliese various possible sourccis of pvrav Hit* 
number of wilted plants appearing in the controls can !)e <‘oiisid(n*ed \'cry 
low. 

Considering the results first in a (pdte general way, we find that- of* the 
sixteen isolates from cotton seedlings from Hyderabad, only one caused wilt 
but a number of them prevented normal gertuination. it is notewtjrfhy that 
the various isolates showed different tendencies in this respect. For example 
F 140 practically inhibited germination of cotton an<l pigeon -pea ; F 14‘i 
severely reduced germination of cottoii and sunn-hemp hut had no delcleriotis 
effect on pigeon-pea ; while F 153 reduced the genninatiem of all three. None 
of the isolates which produced this harmful effect on gcrmitiatioii afvpeared 
capable* of causing wilt at a later stage. 

Owing to a certain number of wilted [dants appearing in the contnds it 
is necessary to take a safe margin of ])(T<^entage infection as an indisputable 
proof of patliogenicity. It is therefore projH>sed to aeeejd ten or more wiite<l 
plants as a reliable indication of ability of the fungus to produce wilt. Less 
than ten wilted plants may be regarded with a ccuiain ainount of reseiwatiou, 
while cases with two plants or lesB may be disregarded entirely. Adopting 
this procedure we are able to list tlie (*ases of* proved ]}athogeni<atY ancl the 
doubtful cases, together with the iiiuuber of plants wilted and the condition 
of growth of the fungi in the flasks of soil. We thus get in Tnhh II a brief 
summary of the salient points of Table I . 

It is very clear that the most pathogenic isolates are almost, ii* not c'nHrely, 
restricted to one host. CiiriouBly enough, it happens that two isolates, F i:,> 
and F 15, obtained ffom siinn-hemp, }>rodueed only a wilt of pigcc^n-pea. 
These two isolates were obtained from the same group of plaotB as F IT and 
F 18, both of which produce only wilt of pigeon-pea. These particular isola- 
tions ivere made before the technique had been perfected and it is c|uite possible 
that they may have come from the superficial cortical tissue. One can easily see 
how, with a mass culture, one might obtain both strains from such tissue as a 
mixture. Both the pigeon-pea and sunn-hemp pathogens might readily be 
obtained together in cultures and might be expected to infeed both hosts. 
Thus w^e have one possible explanation of the di^^ergence of results obtained 
by various workers, some of whom have found the pigeon-pea and sunn-hemp 
■organisms highly speeifie wLereas -otliers have found that they possess an 
infective range of several hosts. 

One other eurious and highly interesting ol>servation may be made here. 
It will be seen that the highly pathogenic forms made poor or, at best, moder- 
ate growth on the mixture of soil and cornmeal used as inoculum. On the 
other hand, the organisms wdiich caused a much low^er percentage of wilting 
grew well in the flasks, all three of the lass effective sunn-hemp organisms 
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having ramified the soil and producing considerable serial mycelium* The full 
significance of these facts will become clear in the next contribution of this 
series which will, to a large extent, resolve the confusion at present existing 
with regard to the taxonomy of these fungi. 

SXJMMAKY 

1. Cultures of Fusarium were isolated from cotton {Oossypium sp.), 
pigeon-pea (Oajanus cajan) and sunn-hemp (Crofalaria juncea). Fifty-one 
such isolates were tested for their pathogenicity against all three hosts. 

2. Most of the cotton isolates failed to cause wilt, but a number of them 
caused low germination by attacking and destroying the seeds. Some isolates 
produced this effect on cotton, others on pigeon-pea, and yet others on sunn- 
hemp or on two or three of these. 

3. As regards wilt there was a high degree of specificity and few if any 
cases of wilt resulted from these inoculations. Two isolates from sunn-hemp 
were specific for pigeon-pea. 

4. The isolates causing severest wilting were those which grew least 
vigorously on the mixture of soil and maizemeal used for infesting the soil, 
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IXTEODtJCTlOK 

I N India cane is grown under varyhig coinlit^^ srnl nml riinuito cither 
with irrigation or without irrigation but innler woH-dist ribufetl !‘ainfa!l during 
a single monsoon or two monsoons. In the Deccan canald rac*t. owing to 
the very scanty rainfall it is grown under irrigation througlioui year 
and very high yields are recorded. 

Before the comniencement of the Sugarcane Beseareh Si'lienie at Fade- 
gaon with the inimificient grant from the Imperial Douucil of Agricudtnral 
Researchj a collection of canes from dilTerent parts af the world, !ik(* 
Queensland, Mauritius, Java, Barbados, Hawaii iind from India -a.s Hebbah 
Mysore and Coimbatore^ — w^as made and grouai in t initseuiu for Btiidy for a 
number of years at Manjri, the oldest sugar<*ane experimental station, near 
Poona. 

Flowering varieties were not much in favour with the mdti\aitors as ihv\ 
failed to supply the green tops, so very necessary for feeding the Imlha-ks 
used for crushing the cane, in the course of gul nuuudVnduna Some of the 
flowering varieties— like Manjav (B370), I) lOil, J 2 1 3, J Ml, Sir. D lO!k U 20 H, 
B 1528, H. 109/HM 337 and the non-flowering canes HM 544, 'IL\1 3ltk !LM 
89— were under final trial at: Manjri- as well as at tlie two Hubsiatioiis al 
Baramati and Kopergaon on the Deccan canals. 

The varietal trials tiU' 1925 have been well described by Ikitil and l^at- 
wardlian [ 1925]. Subsequent to 1925, the varieties POJ 2878 and K!v 28 
'were brought uiider^ trial and., after' four years* testing, the variety POJ 2H7H 
was supplied to the B.elapur Sugar Factory and I5K 28 was introdui*ed among 
the cane-growers. 

Out of these varieties, only D 109, HM 544 ami HM 89 spn‘ad a little 
auiong the cultivators till the introduction of EK 28 and POJ' 2878 in 1113 1 . 
These varieties being of rather high fibre-content spread uiosfly anioiig the 

cultivators with pow'er crushers. 

^ From this period onwards, with the j)assing of the Tarifi' A(?t by the 
Uovariiment of India, the aspect however changed owing to tlie rapid sprirjgirig 

^ This scheme is partly subsidised by the Imperial Council of Agriciilturai liescareli. 
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up of tlie sugar factories. The breeding work on the noble canes which was 
started at Coimbatore in 1926 had also evolved a number of selections with 
promise of success. Hence the selection work described in this paper com- 
prises trials both for the factories and the cultivators. 

Soil 

Padegaon Sugarcane Research Scheme is situated on the Nira Right 
Bank Canal in Satara district, about forty five miles from Poona on the old 
Poona-Satara Road, elevation above sea-level being 1804 ft. The soil be- 
longs to the group of black cotton soil which is further classified by Basu 
and Sirur [ 1938 ] by the modern genetic method into distinct types. The 
soil of the farm falls under the type ' B ", and is described as follows : — 

«Dark grey soil rich in clay up to a depth of two feet overlying a layer with lighter 
textui’e interspersed with patches of brown material, extending up to about 
four feet. Below this is a brownish red horizon with similar texture with con- 
cretions of calcium carbonate and silicates. This layer varies in depth and 
usually goes up to murum.’ 

The sub-soil w^ater-level is found to fluctuate between 6 and 10 ft. 
Meteorology 

Average rainfall of the p)lace is only 18 in. but most of it comes in Sep- 
tember and October. There is also a great variation from year to year as 
has been shown in Table I. The highest maximum and the lowest mini- 
mum temperatures ever reached wdthin the five years are 109®F. and 37*5°r. 
respectively wdth the average wdnd velocity of 7*34 miles per hour from April 
to September (the maximum being 9*05 miles per hour in May) wdthin which 
period it is at its maximum. Full data for five years are graphically illust- 
rated in Figs. 1 and 2. 

Owing to sporadic nature of rainfall distribution and its insufficient 
quantity, the cane is required to be grown with irrigation water from canals 
from the time of planting till harvest, during wdiich period nearly thirty-four to 
thirty-five irrigations at ten-day interval are to be given. In spite of this cont- 
rolled irrigation, it is traced that deviation in climate does influence cane-growth 
and in the end affects the yield. In Northern India and the United Provinces 
the critical periods are (1) hot summer and (2) wdnter, characterised by 
want of moisture in the former and by frost in wdnter of varying degrees in 
rigours, as the crop there is mainly rain-fed. But under Padegaon condi- 
tions the critical periods occur during monsoon wdien the growth-period of 
cane is spread, and are dependent upon rainfall, specially its distribution 
which influences humidity required for growth during the period. These 
periods can be grouped into three distinct ones and their normal characte- 
ristics are enumerated below 

(1) First period — ^Mid-May to June : 

Characterised by ante-monsoon showers in May folio \ved by normal 
weather in June, quantity of rainfall is of no consideration. 

(2) Second period— July and August : ^ 

Characterised by small quantities of rainlall in which case its long 
range distribution is an important factor as against quantity. 

(3) Third period— September : 

Characterised by sultry climate precursory to rain and high rain- 

foU. ' 
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KEFEBENCE. 

YEAR 
______ 1933 

1934 

1935 

3 — 0— 1936 

K-^-— 1957. 


HUMIDITY 


8 A.M 


JAW FEB MAR AP. MAY JUNE JULY AUG. SER OCT. NOJ?. DEC 
Tio. 2. Meteorological data (humidity), 1933-37 
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Materials and methods I 

During the period from 1931-37, five dozen thick and thin seedling canes 
were received from Coimbatore and half a dozen from Hebbal-Mysore. These 
formed the basis of selection work and the promising selections, details of which 
are given in the subsequent pages, have been obtained from this collection; 

The work of selection, in the preliminary, preflnal and final varietal- 
trials had to be expedited in order to enable early release of these varieties 
for testing with the cultivators and the factories in different soil types. The ■ 

following policy was adopted. 

(а) When the varieties were received, these were multiplied in the 

first year, tested in prefinal trial for a year or two during which 
period they acclimatized ; and if during this period any variety 
showed outstanding performance, it was taken into final trial. 

(б) In the final trial the prominent varieties were tested with control 

varieties like Pundia, POJ 2878 and EK 28, both from 
sugar and gul point of view in replicated trials. In all the ! 

trials at Padegaon the inanurial dose of 150 lb. nitrogen is main- 
tained. Three years’ period was fixed for a thorough trial I 

but if it was traced that even within two years any one showed 
outstanding superiority over the control ones it was liberated 
for multiplication and trials outside. 

The following were the criteria for selecting a variety for the Deccan 
conditions and any variety which stood to these criteria, was finally selected | 

for liberation for trials outside : 

(1) Good germinative capacity. 

(2) Stooling capacity and character of resisting adverse season. i 

(3) A fair immunity to pests and diseases. 

(4) Tendency to less shooting and forming pith incident to arrowing. 

(5) Efficient root-system from the stand-point of securing maximum ii 

value from fertilizers applied to the land, il 

(6) Ease of stripping or trashing. j 

(7) Early or late maturity and keeping quality in the field after matu- : 

(8) High sucrose. ^ j 

(9y High tonnage. ^ j 

Experimental ^ 

The varietal trials in the following pages have been classified into four 
experiments as below: — I 

Experiment I : Medium-late varietal trials, 1933-34 to 1935-36. 

Experiment II : Medium-late varietal trials, 1935-36 to 1937-38. 

Experiment III: Early varietal trials including sugarcane-sorghum 
hybrids, 1934-35 to 1936-37. 

Experiment IV : October planting trials, 1934-35 to 1936-37. i 

.Experiment I 

Trial of medmm--late varieties, 19S3-M to 1935-36 
In this three-year period, the control varieties grown alongside with 
other varieties were Pundia, POJ 2878 and EK 28 ; the first of these control 
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favourite cane for gfil-making and 
? canes with high sugar content. 

unongst the first 
359 and Cos 400 
from only 
' addition of HIVE 320 
variotie.s Co 290, HIVE H9. 

at IViiinjri Farm 
varieties except HM 89 and HM 

320. 

The old canes Str. D 109, H 109 and HM 89 fared badly in comparison 
with the new arrivals ; the first two show abnormal fluctuafion in germinal, ion 
from season to season and have low sugar content. HM 89 produces ab- 
normal bunches of tillers which exercistt a check on normal cane growth, 
but it is a cane of high sugar content and for specific tracts. 

Year 2934-35.— The varietie.s H 109 and Str. 1) 109 w’ere therefore 
discontinued. Among the other varieties, Co 300 has equalled l‘(),l 2878 
in yield as in the previous year. Co 402 has extreme fluctuation in flowering 
from year to year, which has been reflected in its yields ; yet it issignificant 
over BK 28. 

Year 2935-35.— HM 89 is dropped as it had a thorough trial for a long 
period at Manjri (for seven years) and even at Padegarm. The only new addi- 
tions are Co 419, Co 413 from early group and Co 412. Among the varieties 
tried during the last two years, HM 320 has .shown highly significant per- 
formance over the control varieties : whilst Co 300 and Co 290, oven though 
not surpassing POJ 2878, have again shown significantly high yields over 
EK 28 and Pundia. 

The three years’ data of cane and commercial cane sugar per acre i,s 
presented in Table II year by year. In the following pages, conunerrial 
cane sugar has been arrived at a.s per formula recommended by the Director, 
Imperial Institute of Sugar Technology, which is reproduced below for ready 
reference : — 


varieties is the non-flow 
the latter two flowering 

Year 19,33-34.— Thk was the first year of trial ; from a 
two batches of Co varieties (viz. Cos 358 to 395 except Co li 
to 415) the varieties Co 360 and Co 402 which showed _promi.st 
growth characters were taken together with th(^ new 
from Hebbal-Mysoie, In addition to the.se, the vari. 

Str. I) 109 and* H 109 which had shown good ptnformance 
were also included. All the.se are flowering 


Where P=Polarisation in first expressed juice. 

B=Brix in first expressed juice. 

P=Fibre in cane. 

The varieties Co 290, Co 360, Co 402 and HM 320 have completed the 
three years’ test in the final trial in comparison with the three control varie- 
ties, POJ 2878, EK 28 and Pundia. 

Some of these promising viideties have been illu.strated in Plates XXX and 
XXXI. 

Detailed studies were carried out with regard to these varieties from 
standpoint of their developmental characters and these are discussed below. 




10, Part V 




Jiuuiary planting : age of crop 10| months 


TABIi® II 

Yield of millable cane and commercial cane sugar in tons per acre 
{Data for three seasons) ^ ' 
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Gmnmation.—The new Go varieties have not shown much superiority 
in germination over the control varieties (Table IV). Rege and Wagle [ 1931) J 
have shown the deleterious effect of minimum temperature below 56“F. on 
the rapidity of germination and these temperatures were prevalent during 
the first three weeks of the seasons 1934 and 1935. As a result of this, the 
total germination during both these years was retarded. 

Borer attack — The chief pest of the Deccan is a sugarcane borer {Argyriu 
sticticraspis) ; the infestation is the highest in April and May. The incidcnct^ 
of the pest as recorded in different varieties in May shows that the varh'th's 
Co 290, Co 360 and HM 320 are comparatively more resistant to the attack 
than EK 28 and Pundia. 

Mealy bug is the pest second in importance ; its presence is restricted only 
to the variety Co 360 which has closely adherent leaf sheaths. 

Periodical changes in tillering . — ^Table III shows the progressive increase 
in the number of tillers from eighth week till harvest for a four-cent plot 
(l/25th of an acre) wherein 1200 buds were planted (equivalent to 30,000 
buds per acre). 

Table III 
Totai shoot counts 

{Average of 6 plots, each plot — 4 cents) 

Average of two years 


The data in Table III, when reduced to the number of shoots obtained 
per 100 planted buds (Table IV) at different periods, clearly reveal the 





Variety 

At 

8 weeks 
(germina- 
tion) 

1 

! ■ 

Before 
earthing 
up (6| 
months) 

. 

After earthing up 

A 

b harvest 


n 

months 

Percentage 
of success 
on before 
earthing-up 
count 


1 Percentage 
of success 
on before 
earthing-up ^ 
count 

i 

i 

Tons 

of 

cane* 

per 

acre 

Co 290 . 

665 

3836 

1998 

52* r 

■■ 1833 

■ 47-8 

42*7 

Co 360 . ‘ 

563 i 

^ .1830 

1342 

73‘3 

1256 ; 

' 68-6 

40*5 

Co 402 . 

726 j 

3867 

1605 

41-5 ■ 

1311 

33*9 

420) 

HM 320 . 

702 1 

2750 

1412 

51-3 . 

1016 

36*9 : 

46*7 

POJ" 2878 1 

: ■ 780. 

2362 

1445 

61-2 

1280 

54*2 

42-4 

EK28 . i 

689 

1881 

1026 

54*4 

852 

45-3 

33*H 

Fimdia * | 

617 

2135 

1234 i 

57*8 

900 

42*1 : 

Si*6 

i 

i 


' 

. 


i 
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situation regarding high or low tillering, and its success at harvest time 
obtaining in the different varieties. Table IV also shows the percentage 
of borer-attack. 

Table IV 


Germination and borer attach per cent and ratio of number of shoots on WO 

planted buds 


Variety 

Germination 
per cent at 

8 weeks 

Borer 
attack 
per cent 

Before 

earthing 

up 

After 

earthing 

up 

At harvest 

Co 290 . 

55-4 

4-6 

319-7 

166*5 

152*7 

Co 360 . 

46‘9 

7-2 

152*5 

111*8 

104*7 

Co 402 

60-5 

4*2 

322*2 

133*7 

109*2 

HM 320 . 

58-5 

5*9 

229*2 

i 117*7 

^ 84*7 

POJ 2878 

65-0 

5*3 

196*8 

120*4 

106*7 

EK28 . 

57*4 

10*9 

156*7 

85*5 

71*0 

Pundia 

51*4 

11*9 

177*9 

102*8 

75*0 


The tables reveal the following special features in tillering : — 

(1) High, medium and low tillering in the different varieties. 

(2) Maximum and minimum losses of tillers after earthing-up. 

(3) Similar maximum and minimum losses between the two periods 

— after earthing up and at harvest. 

AU these three will greatly influence the utilisation of manure at different 
stages, and where the bill of manuring is high this type of information is very 
important. 

It would thus be seen that the production of a large number of tillers as 
in Co 402 would not be the main criterion for judging the suitability of any 
variety, but the final successful tillers, coupled with individual weight per 
cane, would also require consideration. Thus varieties wdth even mediocre 
number of canes at harvest coupled with good yields as in Co 360 and POJ 
2878 would be efficient varieties although they may be low in tillering. 

Next in order will be the variety wffiich gives high tillering with as high 
a yield as the variety in the first group, although the percentage success of 
tillers produced may be low. From both these standpoints, the best varieties 
are Co 360 and POJ 2878 and next to these are Co 290, Co 402 and HM 320. 
So far as EK 28 and Pundia are concerned, they do not come up to the 
standard of both of these, as they possess both low tillering capacity and 
yield. 

Habit. — The varieties Co 360 and Co 290 are found to possess very good 
habit of growth being erect to slightly sub-erect ; so are the varieties POJ 


I 
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•?S76 a,ul EK 28 The varieties HM 320 and P«n<lia were fouiid to he suh- 
crect to slntS. the variety Co 402 being nn.ch more slanting and re.-hn.ng 

^''*^'^wltirvory vigorous growth, the varieties Co 300 and Co 402 tended to 
lodge in varying intensities, owing only to cyclojiip effects winch 
in Rentember when they have attained the maximum growtli. As compan d 
to ottr varieties. Co 360 was found to ho difficult ior stripping owing b. 

adhemico^ of sl^O^^t number of millable canes obtained m each 

of the dilferit varieties, the number of flowering ca,nes varies with in- 
different varieties. The percentage of flowering canes in the difl<*rcnt vai id tes, 
ns reeorded in the year 1935, is given in 1’able V. 


Table V 


Flowering data, 

Serial No. Variety Percentage of flowering 


Co 290 

61-9 

5 

Co 360 

73-5 

1 

Co 402 

16-3 

I Recorded on 23rd l)i 
ceinber 2935 

HM. 320 

Non-fiowering 


POJ 2878 

84*9 


EK 28 

85*4 


Pundia 

Non-flowering 



I 


JJooLsysfew.— The root-exposure studies of the different varieties liave 
shown that excepting Co 360 and Pundia most of them have an effi«-ient 
root-system having good penetration and lateral .spread. Pundia especially 
has the most superficial and smallest volume of root-system of all the varieties 

studied. „ , . , , 

March of ripeness . — ^Table VI show the data of bnx and purity from 
October to March, month by month. 

The data in Table VI when briefly summarised show the position in 
regard to the different varieties as to when the ripeness commences and the 
duration over which it is maintained (Table VII). Information regarding 
the average weight per cane and sucrose and fibre per cent in cane is also 
included in Table VII. 


TABIiE VI 
March of ripeness 
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Table VII 

" J \ lu cariu afc imixiinum 

1 i Coinmeiioo- 'Duration niatmity w'-iglit 

Serial i Variety ' ment Mucroso Fibre per 

No ' of iipencss 8 ,,or «.j>t per eout can<> 

^ i 1 ripeness inaintamcd per cuu, i 


1 

.. ■ 1 

. ., .L 

. — — ------ ™ ^ 




. , i 

1 

1 fJo 290 ! 

Januaiy 

Mid-March 1 

15-20 ! 

14-98 

2-22 

2 

Co 360 

January 

Febriiaiy 

16-43 j 

12-54 

2-07 

3 

POJ 287B 

Mid-De- 
cember ! 

. February ■ 

16-73 ! 

'...13*77 

3* 15 

4 

1 ■ 

1 HM 320 

February 

. March 

i.3-68 

j 13-45 

4 ■ io 

5 

Co 402 

February 

March 

12-05 , 

16-90 ; 

3-07 

6 

EK28 

February 

March 

.16 •21', 

; 12-60 

3-62 

7 

Pundia 

February 

i ■ ■ 

March 

14-84 

1 10-39 

3-13 


Co 290 shows equal sugar and nort in sucrose and is 

“ "''"ma^ ySd ^tztnd” corn- 

above characters is clearly VIM where Pundia. POJ 

TAB.«vin 

Relative yield performance of the varieties 

^ ■ A * Tf ...... ..... .... ...«. V . 


Per acre 

— 

Co 290 ^ 

Co 360 

^ Co 402 

i 

! 

Gane 

HM 320 |POJ2878 

EK 28 

Puiitlili 

Tons 


42-66 1 

39-24 

42-56 

44-47 

40-47 

32-64 

j. . 

33-74 

Percentage on 
dia 

Pim- 

: 126-5 ; 

110-2 

126-2 

131-8 

i 119-9 

! ' ■ - . 

1 ■ 

' 96-45 

1 100-0 

Percentage on 

2878 

POJ 

' 105-4 

96-94 

105-2 

109 -B 

100-0 

80-39 

83-36 

Percentage on 

EK 

j IBM : 

120-6 

130-8 

i 137-0 

1 124-4 

i 

■ 100-0 

103*7 














V] 


SUGARCANE VARIETAL TRIALS 


729 



Table YlJl—corM. 


, Per aero 

Co 290 

1 

Co 360 

Co 402 

HM 320 

POJ2878 

EK28' 

'..Piindia 




Gul 



i ■ , 


.Tons''' ' 

4*58 

4-33 

3-85 

4-52 

4-49 

3-84 

’ ' 3*76 

Percentage on Pim- 

121-8 

115-2 

102-4 

120-1 

119*4 

102*1 

100-0 

dia 


[ 






Percentage on POJ 

102-1 

9C-45 

85 *76 

100-7 

100-0 

85*53 

83-75 

2878 








Percentage on EK 

119-3 

112-8 

100*2 

117-7 

116*9 

100-0 

97-92 

28 









Commercial cane sugar 


Tons 

6-31 

5-24 

4-20 

5-10 

5-75 

4-48 

4-15 

Percentage on Pun- 

127*9 

126-3 

101*2 

122-9 

138-6 

108-0 

100-0 

dia 








Percentage on POJ 

92-34 

91-11 

73-03 

88-59 

100-0 

77-91 

72-16 

2878 








Percentage on EK 
28 

118-5 

116-9 

93-74 

1 

i 

113-9 1 

i 

128-3 

100-0 

92-65 

Conclusions . — 

fhe varieties Co 

360 and Co 40 

2 are si^ 

niificantly better 


than Pundia and EK 28 in cane-yield. Co 360 is a raid-late cane, having 
adherent trash and snbjeet to lodging. Co 402 is very erratic in behaviour 
and low in sugar-content. Co 290 and Co 360 have almost equal performance 
with POJ 2878 in cane-yield. HM 320 is a late-maturing, flower ess cane and 
subject to lodging. 

The gul yields of Co 360 and HM 320 are almost significantly high in 
comparison with the control varieties, Pundia and EK 28, and almost equi- 
valent in merit to POJ 2878. Most of the varieties except Co 402 are superior 
to Pundia and EK 28 from standpoint of commercial cane sugar. The 
varieties Co 290, Co 360 and HM 320 are next best to POJ 2878. 

Expeeiment II 

Medium-loM varietal trials, 1935-36 to 1937-38 
Daring this three-year period, the control varieties were POJ 2878 and 
Pundia; EK 2S was grown as control in 1935-36 only and further discon- 
tinued owing to its inadaptability to the environmental conditions. 

Tear 1935 36 , — In this year the new additions w-ere Co 419, Co 412 and 
Co 413. . : ■ ■ ^ 

Co 419 has shown high significance over the three contro varieties. 
Co 413 is not significantly better than POtJ 2878 but it is significant over 
EK 28 and Pundia. 
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Year 1936-37.— The adections Co 290, Co 360, Cu 4o2 and HM 320 
having completed three years’ trial were discontinued; in addition to the 
varieties mentioned above, five new selections- -Co 414, Co 416. Co 417. ('o 
421 and Co 426 — were ineluded (Plate XXXI). 

The varieties Co 419, Co 413, Co 416. Co 421 amj Co 426 show highly 
significant yield over the control varieties. Co 416 in spite of its cxeep' i( nally 
high tonnage is traced to be very low in sugar content like Co 402 in 
experiment I. 

Ymr 1937-38.— The varieties Co 412 and Co 416 were dropped and tin* 
remaining varieties were continued. All the Co selections have given signi- 
ficantly higher yield than POJ 2878 and Pundia. 

The cane varieties Co 419 and Co 413 have completed tiiree years’ trial. 
The three years’ data of cane and commercial cane sugar per acre are presented 
in Table IX year by year. 

As stated above, the cane varieties were studied from standpoint of their 
developmental characters and these are discussed below. 

GenniTiation . — Co 419 gives early and higher germination compared to 
other varieties. In point of rapid and maximum germination, Co 419 sur- 
passes the control varieties and the next is Co 413. 

Borer attack . — ^The varieties Co 419 and Co 413 have practically the 
same borer attack as POJ 2878. All these three are more resistent than 
Pundia. No other pest is present on these varieties (Table XI). 

Periodical changes in tillering . — Table X shows th progressive increase 
in the number of tillers from eighth week till harvest for a four-cent plot 
(l/25th of an acre), wherein 1200 buds were planted (equivalent to 30,000 buds 
per acre). 

The data in Table X, when reduced to a ratio of number of shoots obtained 
for 100 planted buds (Table XI) at different periods, clearly reveal the situa- 
tion regarding high or low tillering, obtaining in the different varieties. 1 >ata 
regarding percentage of germination and borer attack in the different varieties 
is also given in Table XL 

Rapidity in germination obtained in Co 419 and Co 413 is furtiier re- 
flected in their early and high tillering and also large number of succe.ssful 
canes obtained at harvest compared to the control varieties. 

Habit . — ^Varieties Co 419 and Co 413 possess very good habit of growth, 
being mostly erect. 

Flowering . — ^The percentage of flowering canes in ditfereut varieties 
as recorded on the 23rd of December 1935 was as shown in Table XII. 

Eoot-system.—'Sfariebiea Co 419 and Co 413 have an efficient root- 
system having both better penetration and lateral sprea<l than POJ. 2878. 
Pundia has the most superficial root-system and the volume of root-system 
is the least compared to other varieties. 

March of ripeness . — Table XIII shows the data of bri.v an<l purity from 
October to March , month by month. 

The summary in Table XIV shows when ripeness commences in 
these varieties and the duration over Avhioh the juice- quality is maintained ; 
the data regarding the average weight per cane, sucrose and fibre-content in 
cane is also included. 


Table IX 

Yield of millable cane and commercial cane sugar in tons per mre 
{Data for three seasons) 
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Table X 

Total shoot comits 

■m of 0 plots, each plot^i amts average of ihra yen. 


Tablj^ XI 

Percentajs of germination,, borer attach ani n 

planted buds 


Table XII 
Flowering data 


Ferceritago nf flowcjriiig 


Variety 


Serial 

No. 


82*4 

80*1 

84*9 

Non -flowering 


Co 419 
Co 418 
POJ 2878 
Pundia 


Variety 

Germina- 

tion 

per cent 
at S 
weeks 

’.Borer 
attack 
per cent 

^ ' ' '' ! 

Before ■ 
eartlung | 
np 

' ■ 1 

After 1 

earthing ! 

lip i 

At i'larvest. 

Co 419 

75*0 

■"-.4*4'. ' 

245*5 1 

154 •« ; 

128-2 

Co 413 

74*3 

■ : 4*1 ■ 

337*2 ^ 

1 173-0 i 

1 

137-3 

POJ 2373 

65*9 

4*6 

193*6 

120 *7 

09 ■« 

1 

Pumlia 

62*0 

8*9 

187*7 

■ 120*4 

73-0 


I 

i 

Variety j 

At 

8 

weeks 

Before 

earthing 

up 

I 

. i 

After 
earthing i 

up ; 

' 

' 

. 

Fereeiil* 
age of 
success 

on 

before 
earth ing- 
iip count 

At 

luirvest 

percent- 
ages of 
success 

on 

he ‘fore 
earthing- 
lip 

count 

Co 419 

900 

2946 

1855 

i 

1 

j 62-9 

1 ■ 

! 1530 

' 52*2" 

Co 413 

892 

4047 

2076 

i 51-3 

; , 1648 : 

.40*7- ' 

POJ 2878 

791 

2323 

1448 

02-3 

1195 ; 

i ■ 

51*4 

Pundia 

744 

2252 

1445 

j 64-2 

! 8S3 

39*2 
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Table XIV 


In eaue at niaxiiiium 
matiirity 


Avii’ItgCf 
weight 
per eiMie 


Month np to 
which, ripeness 
, .is main-' 
tained 


Conimence 
ixient of 
ripeness 


Serial 

No* Variety 


SiicroHO 
per cent 


March 


February 

January 


March 


February 


December 


March 


February 


4 Pundia 


POJ 2878 Funclia. 


Tons 

Percentage on POJ 2878 
Percentage on Pundia 


Tons ■ . 

Percentage on POJ 2878 
Percentage on Pundia 


TonS' 

Percentage on POJ 2878 
Percentage on Pundia 


Conclusions . — The varieties Co 419 and Co 413 are outstandingly superior 
to POJ 2878 and Pundia from standpoint of eane, gul and sugar* The 
varieties Co 413 and Co 419 have got very good root-system and erect habit of 
growth, Co 413 is very nearly a mid*late cane and Co 419 is mid-lata to late 
in maturity, Co 413 produces gnl of superior quality and Co 419 is the next 
best, Co 419 has almost the same sucrose-content in cane as POJ 2878* 


V'] SBGABCANE VARIETAL fRIAtS ... 

Experiment III 

Early varietal trials including mgarcami sorghum hybrids^ 1934-35 to 1936-37 

When the cane selection work was commenced in 1933, it was observed 
that some of the selections showed maturity even at the tenth month ; hence 
these were separately grouped and tested as early varieties. In the same 
year, the sugarcane-sorghum hybrids which were reported to mature within 
six months were also received. So a combined trial consisting of the early 
varieties Co 407, Co 408, Co 411, Co 413 and HM 606 together with the six 
sugarcane-sorghum hybrids Co 351 to Co 357 (except Co 354) was undertaken. 
Replicated and randomised layout was adopted as in the final varietal test 
with a smaller plot-size and three feet distance between rows instead of four 
feet. The manurial dose was 150 lb. nitrogen as in the above experiments- 
The soil of this block where these tests were conducted had lower fertility 
trend as compared to the soil in which varieties described in experiments 
I and II were tested. 

POJ 2878 was grown as a control variety throughout this period, and 
Co 360 during the latter two years only. 

Year 1934-35 . — In this year, varieties Co 407, Co 408, Co 411, Co 413 
and HM 606 together with Co 351 to 357 (except Co 354) were under trial. 

The yield performance of Co 413, Co 408, HM 606, Co 352, Co 355 and 
Co 356 are almost equal to or slightly better than POJ 2878. From maturity 
point of view Co 411 and Co 407 have shown indications of earliness. >Sugar- 
cane-sorghum hybrids begin to mature from tenth month onwards. 

Year 1935-36 . — As the variety Co 413 was found to be late it was trans- 
ferred during this year in the final trial described in experiment II. HM 606 
was discontinued as it was a lodging variety with low sucrose-content. 

As in the previous year, none of the varieties are significantly better 
than POJ 2878; however the sugarcane-sorghum hybrids Co 352, Co 353 
and Co 356 have yielded slightly higher than POJ 2878. 

The varieties Co 407 and Co 411 show maturity from tenth month onwards 
(as in the previous year). Amongst the sugarcane-sorghum hybrids the 
earliest to mature are Co 351 and Co 352; the remaining varieties ripen 
between ten and eleven months. 

Year 1936-37 du result of the data available for the last two years, 
only Co 352, Co 353 and Co 356 amongst sugarcane-sorghum hybrids were 
continued for trial, together with early varieties to which Co 421 was added- 

The varieties Co 360, Co 421 and Co 408 have yielded significantly better 
than POJ 2878. Co 411 is almost significant over POJ 2878. Co 407 
is equal in performance to POJ 2878. 

The cane-sorghum hybrid Co 356 is significantly better than POJ 2878 
and Co 352 and Co 353 have yielded as much as POJ 2878. 

The cane varieties Co 360 and Co 421 show ripeness from tenth month 
onwards. 

The cane-sorghum hybrids do not even show the start of maturity earlier 
than months ; definite trend towards maturity is seen only after 9|- or 10 
months. 

The three years’ data of cane per acre are presented in Table XVI year 
by year. 
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Developmental records 

Germination , — At three weeks only POJ 2878 is found to give early 
and high germination compared to the other varieties. At eight w^eeks. most 
of the varieties reach the level of germination as in POJ 2878 except Co 353, 
Co 356 and Co 360 (Table XVIII). 

Borer attack . — The severity of borer attack was much less in 1936-37 
than in 1935-36. Excepting Co 360, all the varieties have praetically 
the same percentage of borer attack as POJ 2878. 

Tillering . — Periodical changes in tiUering at four different periods from 
germination till harvest for two years is averaged in Table XVII 


Table XVII 

Total shoot counts 
{Average of three replicates) 
(Area of plot-=^0-75 gts.) 


Variety 

At 8 
weeks 

Before 

earth- 

ing 

After 

earth- 

ing 

Percent- 
age of 
success 
on before 
earthing- 
up count 

At 

harvest 

Pei’cen- 
tage of 
success 

on 

before 

earth- 

ing-up 

Remarks 

Co 352 

575 

1971 

1067 

54*1 

885 

44*9 

Buds planted 
750 ; equiva- 

Co 353 

412 

1339 

891 

66-5 

837 

62*5 

lent to 40,000 
beds per acre 

Co. 356 

430 

1590 

879 

55- 3 . 

740 j 

i 

46*5 

Co 407 

590 

1801 

881 

48*9 

761 

42*3 


Co 408 

514 

1943 

867 

44*6 

1 . 779 

40*1 


Co 411 

534 

1885 

880 

46*7 

689 

36*5 


.POJ 2878 

568 

1147 

749 

65-3 

626 

54*6 


Co 360 

437 

935 

’734 

78*5 

620 

66*3 



The data in Table XVII, when reduced to the number of shoots obtained 
at different periods and miliable canes at harvest for 100 planted buds (Table 
XVIII), clearly shows the high, medium and low tillering in different 
varieties ; the data regarding the percentage of germination and borer attack 
are also given in Table XVIII. ■ 

Habit . — ^The varieties Co 356, Co 360, Co 411 and POJ 2878 have almost 
erect habit of growth ; the varieties Co 352, Co 353, Co 407 and Co 408 have 
sub-erect habit and these also tend to lodge. With very vigorous growth 
the varieties Co 360 and Co 356 also tend to lodge. 
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Table XVIII 

Percentage of germination, borer attack and ratio of nirrnbar of fsiiootn on 100 

planted bads 


From Table XVIII the varieties could be classified as m Table XIX 

Table XIX 


Varieties 


Tillering 


Medium 

Low 


The percentage of flowering canes in the diiierent varieties as recorded 
on 23 December 1935 was as in Table XX. 

' ; TABLB XX, 

'Moivering Mta ■ 





Variety , 

At 8 weeks 

.Borrer ^ ^ ' 

attack ■ s,' 
per cant . . i 

.Before 

aarfcliiiig 

After 

oarthirig 

At' 

' ' i 

. ! 

Go 362 1 

76*7 

7-6 

262-8 

142*3 

: 118*0 

Co 353 

66-0 

5-7 

178*5' 

I IS *8 

Hi *6 

Co 356 

57-4 

6*4 

■212*0 ' 

117*2 

!' 98«7, 

Co 407 

78-7 

5*8 

240*1 

117*5 

1 I0H5 

Co 408 

i 69-0 

6*5 

259*1 

115*6 

103^9 

Co 411 

> ' 7L2. ■ 

8*0 

251*3 

II7-3 . 

91*87 

POJ 2878 

76-8 

■ .6*1 

152*9 ■ 

09*11 

, 83*5 

Co 360 

58-2 

9*5 

124*7 ■ ; 

07*0 ■ 

82*7 


Variety 

■■■■.- percentage of fiowerlng" "■ ■ ■ ■ ■ 

Co 362 

"■ '"78*1 

Co 353 

74-9 

Co 366 

61*1 

Co 407 

'63*2 

Co 408 

" 72*2 ■ 

Co 411 

92*3 

Co 360 

78*6 Fluctuating 

POJ 2878 

91*7 
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March of ripeness . — ^In this trial, the chief consideration being earliness, 
it was watched from tenth month onwards in the case of Co selections and 
ninth month in the case of sugarcane-sorghum hybrids; brix and purity tests 
were taken monthly in the case of Go selections and at twenty days’ interral in 
the case of sugarcane-sorghum hybrids ; these are presented in Tables XXI- 
XXIII. 

Table XXI 


Brix and purity, 19S4-35 



Brix (at No. of days from planting) 

Variety 




1 


33< 

} 


*270 

300 1 








1 

Brix 

i 

Purity 

Co 407 

: 16- 

•80 

! 

18- 

87 

1 

1 18* 

•11 

90-78 

Co408 

14 

•51 

16- 

63 

1 20- 

61 

90-76 

Co 411 

14 

•73 

19- 

•00 

19* 

■84 

90-11 

Co 413 

15 

•91 

17- 

•97 

19' 

•11 

90-67 

HM 606 

11 

•81 

13 

•72 

15 

•21 

80-74 

POJ 2878 



18 

•01 

20 

•73 

92-21 


Table XXI — contd. 





Brix (at 

No. of days from planting) 

Variety 


1 



320 


*240 

260 ; 

280 

300 







Brix Purity 

Co 351 

I 14-69 ' 

1 

16-11 1 

17-17 

18-10 

19-98 86-36 

Co 352 

13-76 ; 

16-31 

17-37 

18-32 

18-24 86-98 

Co 353 

1 13- 13 

15-18 

! "15-57 

17 •82 

17-44 86-76 

Co 355 

1 13-75 

16-32 

16-82 

18-12 

18-40 86-67 

Co 356 

1 12-62 

i 14-10 

1 15-47 

17-12 

17-16 81-0 

Co 357 

13-69 

i 15-08 

1 15*72 

1 17-03 

16-98 84-09 

POJ 2878 

1 13-79 

i 

' 15-43 

17-23 

j . 18-01 

20-47 89* 45 


'[ ^ ■' 

was sent for r^airs the readings in early stages could not be 

recorded. 
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Table XXII 
Brix and puritp, 1935-30 


Bi'ix (at No. of dayn from tho datt.' of' (duiitirii.:) 


Varioly 


Table XXII— confri. 


Brix (at Is’o. of froai tho dut^ ul jdaiiUnjjf) 


. . Table XXIII 

JSrLr and purity^ 1930-37 


Brix {at -days from planting) 


Variety 


Brix ! Purity 


Co 407 . 

Co 408 . 

Co 411 . 

Co 421 
POJ 287S 
Co 300 . 


1 . Brix 

j 

Purity 

. 

Brix 

Purity 

iSrix 

Co 407 . 

1 16-78 

. ' 82*73- i 

10*52 

80*50 

22*25 

Co 408 . 

15*13 

81 -27 i 

17-80 

80*52 

20*37 

Co 411 . 

16*53 

80-34 ^ 

10*70 

1 88*45 ; 

20*00 

POJ 2878 

15*86 

76-83 : 

10*24 i 

1 8r»*oo 

20*00 

Co 360 

17*23 

85-23 : 

18*72 ' 

1 

^ 88*51 

20*05 


Variety 


240 


■ 280 

.0H5 


3 

20 


Brix 

Fuiity 

Brix 

■Fuiity 

Biix 

Puiity 

1 

liik ’ 

I'Oiiily 

lirix 

Furily 

Co 351 

15*54 

70*21 

17*48 

. 84-01- 

10-14 

80*70 ’ 

20*29 ■ 

89* IM 

21 *20 

■’ 00*42 

Oo 352 

10*22 

81*94 

17*53 

88-01: 

19-59 

. 80 ' 05 ■ 

20*73 . 

tr2«|7 

21*07 

IKMIll 

Co 35r» 

15*02 

70*04 

. 10*85: 

85 -(iu 

17*98 

88-63 

17*00 

Mcmi 

19*37 

1 g|l*74 

Co 355 

14*01 

81*47 

17*00 

■■ 85- 65' 

17-59 

87 -44 ' 

I8-47 

8IMJ2 I 

10*47 

j ««*!« 

Co S5fi 

12*80 

72*07 

13 '98 

74-00 

14*72 

j 78-05 

15 ■•5 7 ■■ 

80*08 

17*4! 

Hi *30 

Co 357 

14*74 

80*30 

10*07 

■■■'83-24 

10-93 

85-05 

IT *51 

87*71 

iH -115 

51 *70 

POJ 2878 . 

14*08 

75*26 

15*45 

,,77- 20 

17*82 

i . 54*29 ! 


SO'IMI 

2U *1.10 

8* ‘20 

Co 360 

. 13*87 

70 *33 

15*67 

82-90 

17-13 

! 85*43 I 

IH*72 

88*51 

20*15 

80*16 
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Table XXIII — contd. 




Brix (at days from planting) 


Variety 


260 

280 

300 

320 

Brix 

Purity 

Brix 



Purity 

1 

Bilx i 

Purity 

Brix 

Purity 

Brix 

: Purity ‘ 

Co 352 

15-90 

81-87 

19-17 

89-62 

19-96 

90-86 

21*27 

91-26 

21-74 

91-49 

Co 353 

14-48 

79-69 

16-84 

84-01 

18-18 

88-33 

19-85 

89-71 

20-78 

91-24 

Co 356 

12-19 

66-71 

15-37 

79-23 

15-87 i 

80-32 

18-67 

85-67 

20-28 

86-48 

POJ 2878 

10-82 

59-53 

15-82 

77-49 

17-62 ' 

80-87 

19-58 

86-12 

21-21 

88-90 

Co 360 

14-31 

1 77-02 

16-36 

81-55 

17-82 1 

84-74 

19-52 

89*35 

20-44 

90-38 


The period at which ripeness commences in different varieties, the data 
regarding the average weight per cane and sucrose and fibre-content in cane 
are summarised in Table XXIV. 


Table XXIV 


Variety 

Period when 
ripeness 
commences 

(in months) 

111 cane at maximum 
maturity 

Average 
weight 
per cane 

Sucrose 
per cent 

Fibre 
per cent 

Co 352 . . . . 

9| to 10 

15*55 

15-50 

1*55 

Co 353 . 

to 10 

13*94 

16-79 

1-69 

Co 356 . . . 

10 to lOJ 

13-52 

18-67 

2-05 

Co 407 . . 

10 

16*35 

16-45 

1-78 

Co 408 . . . . 

11 to llj 

15*72 

15-34 

1*89 

Co 411 . 

10 

15-29 

13-81 

1-94 

Co 360 . 

lOto lOJ 

16*84 

14-04 

2-54 

POJ 2878 

10 to lOi 

16*63 

14-42 

2*14 


The varieties Co 360 and Co 407 are almost equal in sucrose-content 
to POJ 2878, and Co 407 is eomparatively more fibrous ; the sugarcane- 
sorghum hybrids are higher in fibre-content compared to the varieties Co 360 
and POJ 2878. 

Relative, yield performance with control varieties 

The comparative value of the Co varieties and sugarcane-sorghum hybrids 
from standpoint of tonnage, average of three years, taking POJ 2878 and 
Co 360 as 100 is presented in Table XXV. 



1 


! 



■■■Table XXY ■ 

Relative yield performance of variefies 


Comparativo value differ, 
enti \iirietles Injiii slaiid- 
polnt of caiie-takirii^ 


Caae hr tons 
per acre 
(average of 
three years 


C'owfesiows.— In this shallower type of soil, flic! \-ari«-lie.s Co 3(iU, Co 350, 
Co 408, Co 352 and Co 353 have yielded as imifh as I’O.J 2878 but slightly 
less than Co 360. The variety Co 360 has as iniicJi surrost; jmt vent in eane us 
POJ 2878 and the varieties Co 407, Co 408 and Co 352 tiro the next be.sl. 
The cane-sorghum hybrids do not show maturity earlier than O.l month-s 
and the control varieties Co 360 and POJ 2878 show trend towards nudurity 
from tenth month onwards. The cane-sorghiim hybrids are ((tmparativelv 
more fibrous than the control varieties. 


Investigations in the performance of Coimbatore selections described 
previously have definitely shown that under Padegaon conditions all the 
promising varieties start flowering from October to December, and with this 
the growth closes. This is found to result in low. yields specially in the early- 
flowering varieties. It was, therefore, proposed to see what ad\’antage could 
be gamed by planting these varieties in October as it ivas considered that by 
this early planting the crop would get additional two to three months for 
its growth. With this view the trials were commenced with the promising 
selections from October 1934, the method being e.vactly similar as in the 
rials previously described but with only a smaller plot size. The manurial 
dose was increased to 225 lb. nitrogen from the usual 160 lb. for January 
planting. 




Co l(i7 Co 108 Co -113 Co 419 Co 290 PO.I 2878 EK 28 

October plantiuff : aae of crop 1-4| months 
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These trials were: cond-ucted lor 'three years. As some of the varieties 
■ were discoiitmued ' from 'the second year, the results are represented year by 
year. The varieties' POJ 2878 and- Eli 28 were grown ■ as control during this 
three-year period* .■ ; ■ 

Tear 1934-35, — During this period, thirteen varieties, together wdth 
two control varieties were under trial* 

Oo 413 and Co 419 have yielded significantly better than the control 
varieties. Co 290 and Co 407 have equalled POJ 2878. Co 360, Co 364, 
Co 400, Co 408, Co. 410, Co 411 and Co 414 are significantly better than 
EK28. , . 

Year 1935-36 and 1936-37, — During these two years the varieties Co 
364, Co 400, Co 404, Co 410, Co 411 and Co 412 were omitted and the remaining 
ware continued. ; 

In 1935-36, Co 419 and Co 413 are significant over POJ 2878. AU the 
remaining varieties are significantly better than EK 28. 

In 1936-37, the varieties Co 419, Co 290, Co 413, Co 408, Co 414 are signi- 
ficantly better than POJ 2878 ; the varieties Co 360 and Co 407 show better 
than POJ 2878. 

The three years’ data of cane and commercial cane sugar per acre are 
presented in Table XXVI year by year. 

Some of these varieties are illustrated in Plate XXXII. 

Developmental records 

Germination, — Unlike the January planting, very high germination is 
secured at three weeks in this planting. Maximum germination occurs at six 
wrecks. The varieties Co 419, Co 413 and Oo 407 have come out the best. 
(Table XXVITI), 

Borer attack,- -The incidence of borer attack is the least in this planting 
compared to the January planting. 

Periodical changes in tillering, — Periodical changes in tillering (average 
of two years) are presented in Table XXVII. 

The data in Table XXVII, when reduced to number of shoots obtained 
at different periods and millable canes at harvest for 100 planted buds 
(Table XXVIII), clearly show the high, medium and low tillering in different 
varieties; data regarding percentage of germination and borer attack are 
also given in Table XXVIIL 

On the basis of the data in Table XXVIII the varieties can be classified 
as shown in Table XXIX. 

It is interesting to observe, that in this planting the ratio of millable 
canes at harvest is uniformly higher in all the varieties compared to January 
planting (Tables IV and XI). 

Habit, — The varieties Co 290, Co 360, Co 413, Co 419, E K 28 and POJ 
2878 have almost erect habit of growth ; the varieties Co 407, Co 408 and 
Co 414 have sub-erect to slanting habit. The varieties Co 419 and Co 360 
tend to lodge in varying degrees at harvest time. 

The percentage of flow^ering canes in different varieties as recorded on 
21 November 1937 was as shown in Table XXX. 

March of ripeness, — The year-by-year data for brix and purity *s presented 
in Table XXXL 
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Table XXVII 
Total shoot couTvts 

(Average of four replicates) 
(Area of plot 0-33 gts.) 






Percent- 

1 



Variety 

Ate 

Before 

After 

age of 
success 

At 

Percentage of 
success on before 


weeks 

earthing 

earthing 

on before 

harvest 

earthing-up 





earthing- 
up count 



count 

Co 419 

199 

577 

429 

74-3 

393 

68*11 


Co 413 

200 

814 

529 

66-0 

402 

49*4 


Co 290 

179 

714 

516 

72-3 

457 

64*0 

Buds plan- 
ted=250 

Co 407 

192 

566 

438 

77-6 ^ 

410 

72*6 

Co 408 

Co 360 

170 

171 

502 

387 

397 

364 

79*1 

94-1 

368 

349 

73*3 

90*2 

^ (equivalent 
to 30,000 

Co 414 

183 

539 

380 

70*5 ' 

316 

58*6 

buds per 
acre) 

POJ 2878 

179 

498 1 

362 

70*7 i 

317 

63*7 ! 

EK 28 

i 

164 1 

■314 

256 

81*6 

230 

73*2^ 


Table XXVIII 



Percentage of germination, borer attack and ratio of number of shoots on 100 

planted buds 


Variety 

At 6 weeks 

Borer 

attack 

percent 

Before 

earthing 

After 

earthing 

At harvest 

Co 419 

, 

79-9 

1*1 

230*8 

171*6 

157*2 

coAis:; 

80*1 

1*0 

325*6 

211*6 

160*8 

Co 290,'; 

71* 6 

0*7 

285*6 

206*4 

182*8 

Co 407 

: 77-0 1 

1*0 

226*0 

175*2 

164*0 

Go 408 

67-9 I 

1*6 

200*8 

158*8 

147*2 

Co 360 

68-1 

2*0 

154*8 

145*6 

139*6 

Co 414 

73-4 

.■■.1*8. 

215*6 

152*0 

126*4 

POJ 2878 

71-7 

■0*8' 

199*2 

140*8 

126*8 

EK 28 

65-7 

i -r ' 

125*6 

102*4 

92*0 
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Table XXIX 


Table XXX 


Flowering data {October planting) 


Percentage of flowering 


Variety 


On account of the long interval over which the crop is standing, and 
also practically the same time of flowering, its tendency to being early, mid- 
late or late is not clearly visible in the diferent varieties. Yet tlic varieties, 
Oo 407, Co 408, Co 360, POJ 2878 could be started for emsliing from Xoveinljer 
and the remaining in December. 

~ The average weight per cane and percentage of fi bre and sucrose in cane 
in the different varieties is given in Table XXXn. 

The varieties Co 414 and POJ 2878 show same aucrose-coiitent and the 
remaining varieties, except Co 360, follow next. Most of the va icties were 
found to record very steady weight per cane from year to year. 

Relative yield performance . — The comparative value of tlu! (.’o variet!t*s 
from standpoint of cane and commercial cane sugar, with POJ 2878 and 
EK 28 as 100, average of three years, is presented in Table XXXIII. 

Conclusions . — The variety Co 419 has outyiclded all the varieties includ- 
ing the controls. The varieties Co 413, Co 290, Co 414 and Co 408 have girmn 
•slightly higher tonnage than POJ 2878 but from sugar poin' of view these 
are almo.st equ valents or slightly better than POJ 2878. 'Theni is not much 
differentiation in the ripening of the different varieties owing to the pre- 
seasonal time of planting and most of the varieties show ripenes at 13| to 14| 
months’ age of the crop. It is interesting to observe that most of the varieties 
except Co 419, Co 413 and Co 290 show practically the same sugar recovery as 


Tillering 

VarietioB 

High 

Oo2§0 

Medimm ■, 

Co 4i3, Co 419, Co 407, Co 408 

Low 

Co S60, Co 414, POJ 2878 

Yery low 

EK2S 
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PO-J 2878. BfC 28 has proved a complete failure in this trial. Unlike other 
plantings most of the varieties in this planting give higher number of millable 
canes at harvest and the intensity of borer attack is tlie least. 

Table XXXII 

Oh&mical (ximpositim and average weight per cam 


Average weight per cane (!b.) 3*28 


Fibre per cent la cane 


Sucrose per cent in cane 


Table XXXIII 

Cane and commercial cane sugar in tons per acre 
{Three years’ average) 


Summary AND conclusion 

Cane selections together with sugarcane-sorghum hybill; munbering in 
all seventy-nine, from Coimbatore, Hebbal-Mysore and Manjri were under 
trial, from which promising selections were grouped and tried fur three yeurs 
as January-planted crop. They were also under trial as Cctuber-jdanted 
crop. All the trials were on replicated system and the data analysed as per 
Fisherian method. The results have been expressed in cane-weight, gul and 
commercial cane sugar together with the maturity period of each variety and 
its general behaviour as regards habit, incidence of pests, etc. 

(1) As January-planted crop, the varieties Co 419, Vo 413 ami HAl 320 
have proved their superiority over the control varieties FOJ 2878. EK 28 
and Pundia. When both the groups are considered together (Jo 290 and 
Co 360 have not only come up to the level of POJ 2878 but are 8U|)erior to 
EK 28 and Pundia in cane-weight, gul and commercial cane sugar. As 
regards maturity, Co 419 ripened within 12f months, HM 320 within 13 to 
13| mon^s. Prom the point of keeping quality it is observed that Co 419, 
Co 413, Co 360 and Co 290 could keep up juice quality till March, whilst 



Co 419 

Co 413 

Co 290 

Co 407 

Co 408 

, 

Co 360 

Co 414 

POJ 

2B7S 

EK 

28 

Cane tons per acre 

67*07 

55-55 

53-13 

47-61 

49*11 

45*75 

49*00 

44*21 

32*115 

Percentage on POJ 2878 

m*7 

161-7 

120-1 

107*6 

111*1 

103-5 

IU*0 

IftCI'U 

73*80 

Percentage on EK 28 

205-4 

170*1 

162*8 

1 U5-5 ! 

150*4 

140*2 

150*3 

135*4 

IIHMJ 

0. 0. S, tons per acre 

8*45 

7-34 

: 7-10 

. 6*45 1 

' „ 6*56 i 

' 6*02 ^ 

6*»5 , 


4*40 

Percentage on POJ 2878 

133*8 

116*1 

112*4 

102*1 1 

103*8 : 

05*26 , 

110*0 1 

100*0 

71*04 

Percentage on EK 28 

188-2 

163-5 

158*1 

143-6 i 

146*1 ; 

134*1 i 

i 154*8 '■ 

^ 140*8 

luO'tt 
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I ^ 

HM 320, a late-maturing cane, keeps even longer. In the developmental 
behaviour of the crop the important points are germination, tillering, lodging, 
ease of trashing, and good root-system. From all these aspects Go 419, Co 413 
and Co 290 are the best. Co 360 has a peculiar root-system, which is conducive 
to rapid growth but being defective induces lodging. It is not also self- 
stripping, and is, therefore, susceptible to mealy bugs. Howwer, it has 
shown a good performance as late-planted crop even though it is a flowering 
variety. HM 320 has also a lodging tendency and is further poor in sucrose 
as Pundia. Thus, Co 419, Co 413, Co 290 and even Co 360 can be good factory 
canes and HM 320 a cultivator’s cane. 

’’ (2) As regards early cane selections and sugarcane-sorghum hybrids, 

planted in January, Co" 407 and Co 411 have proved to be eleven months’ 
cane whilst sugarcane-sorghum hybrids have not shown start in maturity 
before 9| months which has falsified the expectation of its reaching maturity 
j in si.K months. Although the yield is not the main factor for drawing eon- 

; elusion in the case of these varieties no marked superiority is observable of 

i early varieties as well as sugarcane-sorghum hybrids over POJ 2878. 

; (3) As regards October-planting, varieties Co 419, Co 413, Co 290, Co 407, 

Co 408 and Co 414 have shown their superiority over the control varieties 
> POJ 2878 and EK 28 ; Co 360 is a mediocre cane in cane-Aveight and also 

in commercial cane sugar. It would further be seen that the benefit of addi- 
■ tional three months for flowering varieties has resulted in highly increased 

? number of canes at harvest which fuUy go to increase the yield significantly 

in the end. 
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EMBRYO OE THE INDIAN MANGOES {MAl^GIFERA 
INDlCAluim.) 

BY 

■■ ;P.'K;SEN ; : ' : 

AND 

P. C. MALLIK 

Fruit Research Station, 8abour, Bihar 
(Received for publicatioa on 6 jPebmaiy 1940) 

(With Plates XXXlII and XXXIV and throe text-figures) 

I N the studies on mango at Sabour, the embryo has received attention 
from two aspects. Firstly, it is known that large amount of carbo- 
hydrates are utilised in developing the fruits but the embryos in the seeds 
require more nitrogen than carbohydrate for their growth and development, 
whereas fruit -bud formation is believed to be dependant on a high carbo- 
hydrate-nitrogen ratio. A knowledge of the relative times of growth and 
development of the fruit, seed and embryo as also that of the fruit-bud differen- 
tiation in mango would, therefore, be of interest in connection with the problem 
of alternate bearing in this fruit. Secondly, it seems important that it is 
necessary to have a knowledge of the behaviour of the embryo because of the 
possibilities of improving the present varieties by hybridization, and also if 
it may be possible to use the apogamically produced seedlings in the polyem- 
bryonic strains as clonal root-stocks. 

The relative times oe growth and development op the prttit, seed and 
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As far as the writers are aware, no study on this aspect of the mango has 
yet been made, although it has received attention in a number of other 
fruits; thus Connors [1919], Blake [1925], Lilleland [1931; 1934], Tukey 
[1933 ; 1934] and others working on peach, plum, apricot and cherry hav'e 
shown that development of stone-fruit passes through three well-marked 
stages : (1) Rapid growth after fertilization due mainly to increase in size of 
stone. The nucellas and integuments grow rapidly to full size, but the embryo 
does not start active growth until near the end of this period. (2) A petriod 
during which the growth of fruit is retarded but the stone hardens and the 
embryo rapidly reaches full development. (3) Rmewed rapid development 
£the fruit to maturity. Sen [1937] found a similar phenomenon in apple. 
The work described below was taken up with a view to gathering the informa- 
tion in mango. 

A sample number of fruits was collected every week from the time of 
fruit set-up to the time of fruit-maturity in the Bombai, Langra and Fazli 
mangoes and the volume, and maximum length, b -eadth and thickness of the 
fruit, seed and embryo, and only the lengths of the radicle and plumule separa- 
tely, were determined. During the first two to three weeks when the fruits 
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were yet within one cm. in length, a sample consisted of 50-100 fruits, then 
until they were within about 2*5 cm., a sample consisted of twenty-five fruits, 
thereafter ten fruits were collected per week, from three comparable trees 
(sixteen year old in 1938) under each variety. 



Cm. 

12 


8 § 


© 
6 o 

4 g, 




2 
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Fig. 1. Increases in volume of the fruit and seed expressed as percentage of the final 
size, at fruit-maturity and that in length of th * radicle and 
plumule (marked as embryo) in 1938 
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Fig. 2. Increases in volume of the fruit and seed expressed as percentage of the final 
size, at fruit-maturity and that in length of the radicle and plumule 
(marked as embryo) in 1939 

The study was first made in 1938 and then repeated in 1939, The in- 
creases in volume of the fruit and seed, expressed as percentage of the final 
size, at fruit-maturity, and that in length of the radicle and plumule, in the 
three varieties, are graphically shown in Figs. 1 and 2 ; and only the relevant 
data are given in the appendix (Tables A and B). 
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The Borabai is an early variefcy ripening towards th(i end of May or begin- 
ning of June ; Langra, a mid-season variety ripiming towards the end of June ; 
and Fazli, a late variety ripening afk;r the middle of July. 

As will appear from Figs. 1 and 2, iinlik(‘, the temiJorate fruits raentioneil 
above, fruit and seed in the mango develop eonciirrently. 1'he earlier the fruit 
ripens the more rapid is its rate of developtnont. From the appentlix (Tables 
A and B) it will be seen that the cotyledons in the mango also grow along with 
the seed, the rate of growth of the radicle and plumule, however, remains very 
s’ow until the beginning of Juno irrespective of the varieties and their times of 
fruit-maturity. In the case of Bombai whore the fruit had rcachetl full ma- 
turity by the end of May, the radicle and plumule showed little change in the 
rate of growth ; in the other two eases, however, the radicle and plumule show- 
ed a sudden rise in their rate of growth after the first week of June. Although 
the fruits of Langra and Fazli reached maturity at different times, their em- 
bryos showed this sudden increase at the same time, in both the years. After 
this sudden rise the rate of increase in both the varieties showed a flattening 
out again. The Langra variety maintained this retarded rate of growth till 
its fruit matured, but in the case of Fazli there was another abrupt rise to- 
wards the end of June in 1938, and after the first week in July in 1939 when 
in there respective years the Langra fruit had already ripened. This renewed 
rapid rate of increase continued till fruit-maturity, resulting in a phenomenon 
like vivipary, the plumules and radicles quite often reaching in some cases a 
length of 20 to 25 cm. An observation of this phenomenon in a ripe fruit of 
the Fazli mango was previously recorded by Nandi [1934]. 

Whether or not the sudden increases in the rate of gro th of the plumule 
and radicle observed in the cases of Langra and Fazli are due to seasonal 
influence, in some way related to the nutritional conditions of the tree, the 
writers have no sufficient data at the present moment to come to any con- 
clusion. The one characteristic of the mango that its seed cannot be stored, 
at any rate, under the ordinary conditions, and that for successful germina- 
tion, the stone should be sown soon after it is removed from the ripe fruit, 
should also he borne in mind in this connection. The suggestion put forward 
by Nandi [1934] that this phenomenon in Fazli might ho due to unfavourable 
condition of the soil seems rather remote as it appears to be a normal feature 
of this variety, and as the varieties like Bomhai and Langra grown on the same 
soils do not show this phenomenon. 
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the extra embryos were of nuceUar origin, but the latt r failed to ascertain 
whether or not the ‘ strong’ embryo came from the fertilised megagametCo 
He noted as many as eight embryos arising from a single seed. Mendiola 
[1926] reported that ten or even thirty seedlings may grow from a single seed 
(Carabao or Pico variety). 

Working on polyembryonic varieties, Belling [1908] in the Morida No. 11 
mango and Jnliano [1934] in the Strawberry mango have found that in these 
two cases the zygote totally fails to develop and all the embryos in a seed are 
nucehar in origin. Jnliano and Cuevas [1932] and Jnliano [1937], in the Pico 
and Carabao mangoes respectively, have shown that the zygote usually persists 
and forms a sexual embryo, but it may degenerate and take no active part in 
the production of any embryo in the seed. The adventive embryos in the 
seed are nucellar in origin. Jnliano [1937] also concludes that in the cases of 
polyembryonic seeds where both sexual and asexual embryos are produced 
it has not been possible to ascertain, after the seedlings have sprouted, which 
of them came from the fertilised megagamete ; further, where only one sprout 
arises from a seed on germination, this seedling may have been produced 
either asexually or sexually. 

Jnliano opines that the Pico and Carabao mangoes are probably on their 
way to sterilization and degeneration in their zygotes so that in course of time 
they will also produce apogamic embryos only, and progenies true to type may 
be grown by seedage, as is the case now in Florida No. 11 and Strawberry 
mangoes. 

The use of such mangoes as develop apogamic embryos only should, 
therefore, provide a sure method of supplying root-stocks that will produce 
uniform trees. On the other hand the zygote degeneration in mango is a 
serious handicap in hybridization work, as the varieties showing this pheno- 
menon cannot be used as a female parent. 

Although by far the largest number of our Indian mangoes are known to 
be mono-embryonic, i.e. only one seedling arises from one seed, polyembryonic 
varieties are not unknown. In fact the Strawberry mango on which Jnliano 
has worked is described as an Indian variety. Several varieties of polyem- 
bryonic mangoes have been found in the Malabar Coast and the Kodur Fruit 
Research Station, Madras, has taken up their collection. 

Incidentally, a point of fundamental interest noted by Jnliano [1937] is 
that many of the mono-embryonic Indian mangoes when grown in the Philip- 
pines and Florida appear to develop polyembryony at least in a greater pro- 
portion, if not all, of their seeds when grown there. As to how this comes 
about, he doubts if it is due to natural cross-pollinations between the polyem- 
bryonic mangoes that are the natives of the locality, and the imported Indian 
varieties, as in that case, he thinks, all the Indian mangoes now growing in 
those islands should have shown polyembryony. He suggests that if it is a 
case of reversion due to the influence of environment, and if the progenies of 
the varieties which show such a phenomenon revert to mono-embryony when 
planted back in their own home, it may settle once and for all which character, 
poly or mono-embryony is the more primitive, and this may indicate the possible 
origin of all the present mangoes. 

There again occurs another phenomenon, namely that many of our Indian 
mangoes, though in very smaE numbers, give rise to multiple shoots, but only 
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germination. These shoota arise from the liv,>..e,svi , 

[1935] has described' this pheBonienori in mango in fin* 

advanced growth imteSi f/3 fruit shows fairlv 

photograph of such a Fazli^eed and In f^.ed'll'f ari”'? ^ 

DLh^o7fL”:Sai°L'darrt“/^r *■ 

sloota it wonld S^«t £ tT™ . ” 'f ™l«ti.in of the oxfii 

of the axillary o.-;trc and 

photographs of two germinated^eeds 5 

prodneing mnWple .■'“Pv'^vvl.V. 

have arisen from the axils of the cotvledons T^.’t v v vttt ^ appear to 
germinated seed of an Indian nowJu. 2 {«) shows u 

producing three distinct seedlings^ one o/?f***^ Kurakkan 

arising from its hypocotyl, ® ’ thorn lurlhcr shows a skU* .shoot 


1 10 . 3, Drawto^ of the Fazli seed photographed in P!nfx» v-y vttt 

the cotyledons intact, (6) after me TtS both 

Bhowing extra shoote anting ^ 


plate XXXIII 
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Pig. 1. 


(a) A Fazli seed showina multiple shoots hnt- o • i ^ 
«t. Go. (K,.„g„d) a 
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EMBRYO OF THE INDIAN MANG0E8 

. I!ablb I ■ ' ' 

Number of shoots arising on germination in three varieties of mango 



: 


Number of seeds producing 

Seeds:froin' ' 

Number 
of seeds 
sown 

Number 

germi- 

nated 

1 shoot 

2 shoots 

3 shoots 

■ More 
than 

3 shoots 

f Seedling tree 
Bombai 1 

280 

00 

o 

205 

2 

1 


L Grafted tree ’ 

280 

217 

• 210 

3 

3 

i ' 

f Seedling tree 

Langra 

280 

148 

136 

9 

1 

3 


(^Grafted tree 

! 280 • 

207 

202 

5 



f Seedling tree 
Fazli . ^ 

160 

! . 

36 

35 


1 


Grafted tree 

150 

21 

15 

4 

2' ' 




From the results shown in Table I, it would appear that the seeds collected 
from fruits of seedling trees and from grafted trees make little difference in 
germination ; but among the three varieties Fazli is a very poor germinater. 
Whether or not this indicates the occurrence of zygote degeneration or embryo 
abortion in this variety, has not been investigated, but cases of deformity 
of the embryo have been noticed in large numbers so that while in the varieties 
such as Bombai and Langra the cotyledons practically fill the cavity of the 
stone in this variety quite often, insignificant cotyledons with undeveloped 
radicle and plumule are found to occupy only one corner of the cavity. 

In view of the above a knowldge of the behaviour of our polyembryonic 
as well as the important mono-embryonic varieties of mango seems to be impor- 
tant. In the case of the polyembryonic varieties no doubt it would appear 
difficult to distinguish the sexually produced seedling from the asexual ones, 
or the seeds possessing only asexually produced embryos from those which 
have both the sexual and asexual embryos ; but if it is possible to discover 
varieties like Florida No. 1 1 or Strawberry mango that produce all the embryos 
asexually, we shall be in a position to use them quite easily as root-stocks 
ensuring uniform trees. 

As regards the mono-embryonic varieties, most of our economic mangoes 
belong to this group. Whether or not these varieties can be improved by 
hybridization in respect of quality and bearing habit* is yet to be known. 
For such attempts, a knowledge of the behaviour of their zygotes after fertili- 
zation will be of great help. Unfortunately, however, little work on this 
important aspect of the Indian mangoes has yet been done ; the only report 
known to the writers is a note on some preliminary observations made by 
Maheswari [1934]. 


* Most of the best quality of Indian mangoes are alternate bearers. 
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With the above in mind, samples of seeds of five varieties of our West 
I Coast polyembryonic mangoes were collected through the courtesy of Mr K. C. 

Naik, Superintendent of the Kodur Fruit Research Station, Madras, and a 
: preliminary morphological examination, including a germination test, of these 

i was carried out during the last summer. The samples included seventy-five 

i seeds of each of the four varieties, namely Olour, Goa, Goa (Kasargod) 

and Mylepelian and 500 seeds of Kurakkan, variety. The seeds were gatht red, 

' j transported to Bihar from Madras and sown within a week in April-IVIay 1030. 

j j The first four varieties were sown in seed-beds, and the last in pots at the rate of 

r' one seed per pot. After one week of sowing, when the seed had not , yet germ i- 

|-’ nated twenty-five seeds of each variety were unearthed for examination. 

‘ ; Table II gives the number of embryos occurring in them. All these varieties 

showed more than one embryo in an overwhelming majority of cases; in 
each of the varieties, however, a few cases showing a single embryo, without 
; any trace of polyembryony, were found. Among the 125 seeds examined in 

" the five varieties, the highest number of embryos in a single seed was six, 

observed only in one case in the Kurakkan variety. 

, Table II 

' ; Polyembryony in mango 


Variety 

Number 
of stones 
examined 

I Number of stones with the following 

1 , number of einbiyos 

1 2 j S 4 5 : fi 

Kurakkan 

25 ' 

5 

: 11 

: '1) 2' 

'Cl . '1' 

Goa (Kasargod) 

25 

^ t J 

■. 8 

: ' 9 i 5 

2 ' ' li 

Olour 

/ : 

6 i 

, 6 

, 4 r ■ If. 

I. ' : ' 11 ■ 

MylepelijMi ■ . | 

■ 25 ■ : 

4 

8 . : 

8' ' 4 

* 1 n 

Goa 

O Si • 

6 'i- 

; . 15 .j 

■■■ 0 ' ■■ ^ ■ ; (1 

0 ^ 0* 


^ Four rotted, no trace ‘nsido tlie stone 


Plate XXXIV presents drawings of a germinating seed of the Olour variety. 
It shows the entire seed in two views and the five embryo.H after scfjnratioii. 
As is found here, all the polyembryonic seeds examined have .^hown one 
‘ strong ’ embryo having two cotyledons almost as big as a normal pair <d‘ coty- 
ledons in a mono-embryonic seed. In the case of others, tht; size of the 
cotyledons varies according to the position in which it lies in the seed 
so as to accommodate all the cotyledons of all the embryos within the stone. 
Embryos 1 to 5 represent this feature. 

Table III shows the results of germination in the five polyembryonic 
varieties. It appears that a considerable number of seeds in all the varie- 
ties failed to germinate successfully, also a good many of them finally produced 
only one seedling. 
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Table III 


Number of seedlings arising on germination in Jive varieties of polyembryonio 

mango 


Seeds from 

, 

Number 
of seeds 
sown 

Number 

germi- 

nated 

Number of seeds produoing 

1 seed- 
ling 

2 seed- 
lings 

3 seed- 
lings 

^'More 

than 

3 seed- 
lings 

Goa . . . ■ 

50 


•6 

2 

1 

. . 

Mylepelian, 

50 

26 ■ 

16 

1 

1 

•• 

Olour .... 

50 

[ 11 

11 

I 

1 * * 

•• 

Goa (Kasargod) 

50 

j 23 

16 

1 ■ 5 • 

1 2 ■ 


Kurakkan . 

410 

j 150 

1 

30 

45 , 

i 41 

1 - 

34 


No study of tlie developmental morphology of the embryos in either the 
polyembryonic or the mono-embryonic varieties have yet been made. The 
observations so far made have been recorded here in the hope that these will 
be of sufficient interest to botanical workers in India so as to attract their 
attention to the problems of the mango. 

SXJMMABY 

Observations on the relative times of growth and development of the 
fruit, seed and embryo in three varieties of mango, namely Bombai, Langra 
and Fazli, the occurrence of multiple shoots in germinated seeds of the same 
varieties, and polyembryony in five other varieties of Indian mangoes, namely 
Olour, Kurakkan, Goa (Kasargod), Mylepelian and Goa are herein reported. 

Unlike in apple and in some temperate stone-fruits where the fruits 
develop in three well-marked stages (i) seed and fruit growth, (ii) embryo 
growth and {in) final development of the fruit to maturity, the fruit, seed and 
the cotyledons of the embryo in mango grow concurrently. 

Of the three first-named varieties, Bombai is an early ripener, maturing by 
the end of May ; Langra, a mid-season variety, maturing towards the end of 
June ; and Fazli, a late variety, ripening after the middle of July. The earlier 
the fruit is due to ripen, the more rapid is its rate of growth. 

The radicle and plumule grow at a very slow rate till the end of May so 
that in the case of Bombai it shows no change in the rate at all; in the other 
two varieties, however, there is an abrupt rise in the rate of growth of the 
radicle and plumule after the first week of July. The two varieties show this 
change irrespective of their time of fruit-maturity. After some time the rate 
flattens out again so that the Langra mango shows no other change in this 
respect till its fruit matures, but in the case of Fazli the radicle and the plumule 
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July Tht f of 

TW«rllt , f 1 1 growth results into a phenomenon like yiviriary 

.L. J”" alUhe three yarieties, i.e. Bombai, Langra and Bazli eases of multinle 
shoots and only one tap-root on germination of the seeds are found to ocetir 

JL fruits'" Tlfe^eitrTt so“i«times found in the 

of the cotyledons ^dyentitiously from th<. axils 

TR Polyembryonic varieties were found to have a few mono-embryonie 
seeds. The polyembryomc seeds always have one strong embryo and tho 
others vary in vigour according to their positions in X^seS ft tnXis 

fuU^^ri^ntte morf thS^® the polyembryonic seeds fail to sinks’ 

luiiy germinate more tnan one or two seedlings. 

investigation of the behaviour of the zygote after 
becS e Xr polyembryonic varieties has b^S stressed 

apoSiSJmnT^A A? hybridization and using the 

^ ^Thanks aw .stocks. 

maintaS the^XS X Council of Agricultural Research, India for 

make this shidir Scheme under which it has been possible to 

JiSLl ® due to Mr A. C. Sinha, B. Sc Ag for 

assistance 111 measurement work in 1938. 
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THE EFFECT OF AMMONIAC AL AND NITEATE 
NITEOGEN ON THE YIELDS OF THE 
EICE PLANT 

BY ^ ■ ■ 

R. H. DASTUR 

Pmijab AgricttUtiral Gollege, Lyallpur 
(Beceived for publication on 1 9 May 1939) 

INURING the investigations on the physiology of the rice plant carried 
^h^out at Bombay it was found that from Avater- culture solutions the ab- 
sorption of ammoniacal nitrogen by the rice plant decreases while that of 
the nitrate nitrogen increases as the plant ages [Dastur and Malkani, 1933]. 
It was, therefore, concluded that a mixture of two forms of nitrogen would 
be a better source of available nitrogen to the rice plant than any one of 
them applied singly, after transplantation. Pot experiment and small plot 
experiments later confirmed the above conclusion [Dastur and Pirzada 1933]. 
It was also found that maximum effect on the growth and yield of the rice 
plant was produced when a mixture of sulphate of ammonia and j)otassium 
nitrate was applied one month after transplantation (i.e., middle of August). 

When the above-mentioned findings were discussed by the Rice Sub- 
Committee of the Imperial Council of Agricultural Research, it was suggested 
that the superiority of the mixture of ammonium sulphate and potassiulm 
nitrate to any oneof the two fertilizers applied on an equal nitrogen basis 
might be due to the presence of potassium and not to the greater availability 
of nitrogen in the mixture used. In order to meet this fresh view point it 
was decided to use sodium nitrate in place of potassium nitrate. Field experi- 
ments with necessary replications were therefore arranged at t^vo places in 
the Bombay Presidency with the following four treatments which were rando- 
mised ; (A) control, (B) sodium nitrate, (C) ammonium sulphate and (D) 
mixture of (B) and (C) on equal nitrogen basis. Nitrogen w-as applied at the 
rate of 40 lb. of nitrogen, in all cases, one month after transplantation. 
The results of these field experiments as given in Table I showed that in the 
light soils at Goregaon (Thana district) the mixture of ammonium sulphate 
and sodium nitrate gave significantly higher yields of grain than ammonium 
sulphate or sodium nitrate alone while the increase in grain yield resulting 
from ammonium sulphate over that of the control was just on the verge of 
significance. No significant difference was found between the grain yields 
from sodium nitrate and the control. The yields of straw on Goregaon soils 
were in the order : — inixture> ammonium sulphate> sodium nitrate> control. 
On heavy soils at Talangpur (Surat district) the case was different. On 
these soils ammonium sulphate was found superior to the mixture of two 
fertilizers and gave a significant increase in yields of grain. The mixture 
gave higher yields than sodium nitrate and sodium nitrate gave higher yields 
than the control. 


In case of straw yields ammonium sulphate was found equal to mixture 
while the other treatments gave similar results as on soils at Goregaon. . 

From the results obtained it was clear that at one place the mixture 
proved better than ammonium sulphate while at the second place ammonium 
sulphate gave higher yields than the mixture treatment. It was then suggested 
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by the author that these di£Ferences in response to these two treatments at 
these two places might be due to the differences in the physical and ehemical 
properties of the soils {Prog. Eeporta, I. C. A, M., 1934). 

Tabm I 


j 

Treatments 

Mean 
yields oi' 
grains in 
ib. per 
acre 

' Mean ! 
yields of 
straw In 
lb. per acre 

.Control . , . . ; 

1,382 

1,894 

. 401b. of H as sodium nitrate i 

1,306 

2,266 ' 

. 40 lb. H* 1 ^ ammonium sul- 

1,616 

2,983 i 

1 

phate. 

20lb.K as sodium nitrated 

. 2,001 ■ 

'8.6S2 j 

•f 20 X as ammonium sul- 

phate. 

. E. of a single mean . . 

66-0 : 

78*1 '1 

a 

0 

1 

1,606 

1,842 ! 

401b. X as sodium nitrate . 

1,685’ " 

2,276 » 

. 40 lb. X as ammonium sul- 

2,276 

3,150 i 

phate. 

), 20 \h, X as sodium nitrate 
+20 lb. X as ammonium 

2,033 

1 2,919 

, sulphate. 


i ■ i 

r. E. of a single mean 

I 124-0 

; 212-0 


ainirtoimini 



is siipi^rloi to mix* 
tiiro 


In 1934 the above quoted results were discussed by the Rice Sub-Com- 
mittee of the Imperial Council of Agricultural Research and it was then re- 
commended that the Agricultural Departments of the different provinces 
may find it worthwhile to test this conclusion of superiority of a mixture of 
ammonium sulphate and sodium nitrate on some soils to either constituent 
as a fertilizer for rice. 

The investigations at Bombay could not be continued on account of the 
transfer of the author to the Punjab and further investigations on the pro- 
perties of the soils giving different respoBBes to the mixture treatment as 
compared with ammonium sulphate could not be undertaken. But in view 
of the recommendations of the Imperial Council of Agricultural iicsearcli the 
Agricultural Departments of some provinces laid out field cxpenments to teat 
the above-quoted conelusion. 

The yield results of the field experiinents carried out at different agri- 
cultural stations in India have now been made available to tlic auilior for 
examination in the light of the conclusions reached by him at Bombay. 

The field experiments were carried out at the agricultural research 
stations in Assamj United Provinces, Bombay, Orissa, Bihar, Madras and 
in Travancore State. The experiments were either conducted for one, two 
or three consecutive years in each province at one or more plac'es. It may 
be mentioned here that experiments laid out at different |>ta(?eH differed in 
one or more respects from one another. As for instan<.‘e at Raipur in (1 P. 
treatments given were diffarent from those recommended. The doses of 
nitrogen given also varied, and so also the tiine of applications of the ferti- 
lizers. The number of replications differed, at different places. On account 
of lack of homogeneity in the conduct of experiments no further statistical 
study of the results than discussed below was possible. 

The yield results with conclusions in brief are given in Tables II-IV. 
A study of these results show a few irregular features which are pointed out 
lat«r. 



20 lb. 1 ^ as sod. 1,997 

nitrate +20 lb, 

N as amm. sul- 
phate. 
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Table III 


Mmn yields 'per acre in lb. 


Treattnente . j 

1933-34 

1934-35 

1035-36 

iJoiieitwfmiK 

Sandy 

(layey 

Sandy 

Clayey 

Samly 

Cliiyi'j 

s<nl 




soil 

soil ■ i 

soil ; 

soil 

sol! ■' 





Raipur 

{C. P.) 




1 . 20 Ih. Kl aft amin. j 

1,011 

933 ; 

1,475 . 

1,025 

. . 2,084 

... 

Ko effect cif ire*!; 

sulphate at trans- j 
plantation. i 



mmits. 





2. 10 lb. N 10 Ib. 1 

949 

586 

1,349 

1,103 

1,988 



N as anmi. sul- i 

. 




phatc at trans- 
plantation and at 




1 




flowerinj?. 




1 




3. 10 lb. >r as anim. 

973 

624 

1,347 

1,098 

1,998 



sulphate -MO lb. 

N as sodium ni- 
trate at transplan- 
tation. 



. 







■ 

4. 10 lb. N as amm. 

998 

569 

1,378 

1,048 

1.991 

' 


sulphate at 



■ ■ *** ■ 


transplantation + 
10 lb. N as sodi- 






, 


um nitrate at 
flowering. 









S. E. not given 

S.33. 132 lb 

, 162-9 Ib. 

148-2 lb. 





Kanke 

(Bihar) 





1935-36 

1936-37 

1937-38 ■ ' 

1 

■ , ■ — - 

Trans- 

Broad- 

Trans- 

Broad- 

Trans- 

Broad- 



planted 

ca.st 

planted 

cast 

planted 

cast 


A. Control . . 

311 

661 

1,219 

1,086 

302 

, 750 

'In 1935-36 aiul IllJW- 

B. 401b. N as sodium 
nitrate. 

513 

486 

1,361 

1,095 

1,210 

1,473 

. 37 amm, siifplsate Is 

1 superior to mixture 
i Imt 111 1937*38 inSx- 

0. 401b. N as amm. 
sulphate. 

428 

804 

1,890 

2,135 

.681'' 

1,176 

1 tdire is fmmd Mupe- 
flor to amm. huI- 
1 phate. ■ 

D. 20 lb. Has sodium 5 
nitrate +20 ib. N 
as amm, sulphate. 

408 

466 

1,500 

1,576 

717 

. 

1,436 

[ In 1937-33 soflhini 
s nitrate Is fount 1 to 
be the !>est treat- 
ineiit. 


S. B. not known 


liil ' 


At Miigliad in Bombay yields show no effect of treatments. The vields 
of control are slightly higher than the plots treated with 40 lb. of nitrogen 
and will therefore be not discussed. The results obtained at Raipur in the 
Central Provinces could not be correctly interpreted as no control is provided 
foT and it is difficult to know if application of nitrogen in any form lias anv 
ettect at all. The results obtained at Kanke indicate great differences in 
the responses to sodium nitrate. In 1935-36 sodium nitrate has given the 
h^hest yields m case of transplanted paddy but in case of broadcast paddy 
the same treatment has depressed the yields. In 1937-38 on the other hand 




i ^ -f. 
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sodium nitrate has proved the most superior treatment in both eases, while 
in 1936-37 this is not the case. It is likely that in 1935 in case of broadcast 
paddy sodium nitrate may have caused injury to the rice seedlings at the 
time of application and thus the yields were depressed. Such injury to 
plants is known to be caused when sodium nitrate is applied. 


Tabde IV 


Treatments 

Coimbatore | 

Maruteru 

Aduturai j 

Berhampur 

Conclusions 

Yields express^ 

d as percentages of general mean for 1035-36 and 1936-37 

A. Control . 

125*7 

93*1 

123-3 

, 70*9 

Amm. sulphate is as good 






as the mixture. 

B. 30 lb. N as sodium nitrate 

134*6 

69*5 

139*2 

; 80*6 


C. 301b. X asamm. sulphate 

157*8 

69*9 

152-4 

90*0 


B. 151b. N as sodium nitrate 

149*4 

70*5 

147-5 

90*0 


+15 lb. N as amm. sul- 






phate. 






E. 20 lb. N as amm. sulphate 

153*1 

69*8 

144-8 

84-6 


+10 ib. X as sodium 






nitrate. 






P. 10 lb. X as amm. sul- 

139*7 

70*7 

146*5 

82*2 


phate +20 lb. X as sodium 


1 




nitrate. 







S. E.-3-6 

Critical dl (Terence =10 

♦2 



In Madras the experiment to determine the response to a mixture nf two 
fertilizers was laid out for two years 1935-36 and 1936-37 at four different 
agricultural stations. In addition to the usual lour treatments twn more 
combinations of ammonium sulphate and sodium nitrate were tried as separate 
treatments. At Maruteru Farm the experiment was spoiled in 1936-37 on 
account of the incidence of silver shoot disease and controls yielded more 
than the plots treated with nitrogen. 

Table V shows how the mixture and ammonium sulphate treatments 
have resxjonded at different places in different provinces in different years. 

Table V 


Mixture > amm. sulphate 

Gorcgaon 

(Bomhay) 

Titahar 

(Assam) 

Kanke 
■ (Bihar) 

Travancore 


1933-34 

1932 

1937-38 

1936-37 

Amm, sulphate > mixture . . , 

Eanke (Bihar) 

Talangpnr (Bom- 
bay) 




1935- 36 

1936- 37 

1933-34 



Mixture = amra. sulphate 

Xagiiia (U. P.) 

1 / , ■ : ■ 

Cuttack (Orissa) 

BalpurCC.P.) 

Madras ' 


1935-36 

1036-37 

1935-86 

1036-37 

h" ■ 1933-34^' ; ' 
1034-35 

1936-37 

Sodium nitrato amm. sulphate = mixture 

; Kanke (Bihar! | 






1937-38 


766 


THE INDIAN JOUBNAL OF ADBIODLTUBAL SCIENCE 


m 

The responses to the mixture and ammonium sulphate at different places 
are different. At four stations mixture was found superior to ammonium 
sulphate in a total of six experiments. There was no difference between 
the mixture and ammonium sulphate in a total of twelve experiments at six 
stations while ammonium sulphate was found superior to mixture in a total 
of five experiments at two stations. There was no respon.se to any fertilizer 
at one station while it is not possible to say whetlier there was any resjxmse 
to applications of nitrogen at another station. At the latter place no difference 
between the mixture and ammonium sulphate treatments was found. I'hus 
mixture was found superior to ammonium sulphate in six ex|)eriments oxit 
ofa total of twenty-nine experiments, inferior to ammonium sulphate in five 
experiments and equal to ammonium sulphate in twelve experiments. It i,s 
thus clear that responses to mixture and ammonium sulphate varied from 
place to place as was the case in the field trials carried out by the author at 
two places in Bombay. 

The results suggest that the differences in the response to these treat- 
ments at diff erent places may be due to the differences in the physical and 
chemical properties of the .soil. They may also be due to the different effects 
produced by the sodium ions of sodium nitrate in different soils. It w'U* 
pointed out in the earlier part of the paper that originally a mixture of ammo- 
nium sulphate and potassium nitrate was used but to meet the view point 
that greater response given by the mixture to eitlier constituent might l>c 
partly due to the presence of potassium ions in the mixture, pota.s.sium nitrate 
was replaced by sodium nitrate. But tins change from potas-sium nitrate 
to sodium nitrate very likely introduced other disturbances in the .soil. It 
is known that from a solution of .sodium nitrate, nitrate ion Is absorbed to a 
greater extent than sodium ions and the soil reaction is altered as found by 
the author [Dastur and Kalyani, 1934], Tnea.se of potassium nitrate this is 
not the ease. It was found by the author [Dastur and Malkani, 1933] that 
potassium ion is absorbed by the rice plant to a greater e.xtent thasi the nitrate 
ion from a solution of potassium nitrate. It is thus possible that presence of 
sodium nitrate in the mixture may have adversely affected the activities of 
the roots in certain soils and has thus lessened the yields at some plac‘e.s. 

The above-mentioned point can be elucidated by laying out a complex 
experiment involving all combinations of potassium nitrate, sodium nitrate and 
ammonium sulphate. There will be (2)»=eight treatments; (1) control; (2) 
potassium nitrate ; (3) sodium nitrate ; (4) ammonium sulphate ; (5) potassium 
nitrate-f-sodium nitrate ; (6) sodium nitrate-}-aramonium sulphate ; (7) potas- 
sium nitrate-b ammonium sulphate; (8) potassium nitrate -f sodium nitrate-f 
ammonium sulphate. Such an experiment will at once show the effect.s pro- 
duced on the plants by the presence of potassium and sodium ions in the 
mixture. 

Stjmmaey 

Field trials on rice were arranged to study the response made by sulphate 
of ammonia, sodium nitrate and a mixture of two fertilizers, on equal nitrogen 
basis at different places in India to test the authors’ finding from a purely 
physiological study, that mixture of two fertflizers is a better source of nitro- 
S®?.™ some soEs than any one of the two constituente used sejmrately. 
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The experimeBts were laid for two pr three years in Bihar, Orissa, Centra 
Provinces, Madras, Bombay, Assam and Travancore during the period 1 933* 
37. The statistical analyses of the resiilts showed that the mixture gave 
significantly higher yields than ammonium sulphate at Goregaon (Bombay), 
Titabar (Assam), Kanke (Bihar) and Travancore ; ammonium sulphate gave 
significantly higher yields at Kanke (Bihar) and Talangpur (Bombay) ; the 
mixture was found as good as ammonium sulphate at Nagina (U. P.), Cuttack 
(Orissa), Raipur (C. P.) and Coimbatore, Aduturai and Berhampur (Madras). 
Sodium nitrate gave significantly higher yield than the mixture or ammo- 
nium sulphate at Kanke (Bihar) in 1936-37. The field experiments arranged 
at two places in Bombay by the author had also shown that the response 
to the mixture and ammonium sulphate varied in different soils. 

It is suggested that presence of sodium ions in sodium nitrate used may 
have produced some deleterious effects in certain soils and thus the response 
to mixture may have been lessened at such places resulting in no increase in 
the yields when compared with ammonium sulphate. A complex experi- 
ment involving all combinations of potassium nitrate, sodium nitrate, ammo- 
nium sulphate and control will elucidate this point in such soils. 
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CARBON TRANSFORMATIONS DURING THE DE- 
COMPOSITION OF CANE MOLASSES UNDER 
SWAMP SOIL CONDITIONS 

BY 

G. NARASIMHAMURTHY 

DepoLftment of Biochemistry, Indian Institute of Science, Bnnyfdnre 
(Received for publication on 8 December 1939) 

(With one text-figure) 

L aboratory studies on the eifect of ad(liti(!n of cane nioIaHscH to 
various representative Indian soils under swamjfy conditions havti 
shown that carbohydrate, the major constituent of molasses, rapidly utulcr- 
goes decomposition, yielding a variety of products, some tjf whicii ('scapo 
into the air as gases, the others remaining in solution [Bliaskaraa <:t oL. 
Earunakar et al., 1937]. To understand the nature of the de.com posit ion 
products contributing to the fertilizing value of the molasses, it l)econies 
necessary to carry out a systematic examination of such products tiiroiighout 
the period during which the fermentation is in progress. 'I'he re.-iuHs of the 
studies relating to the gaseous products of the breakdown of the soil molasses 
complex have already been published [Narasimhamurthy. An exami- 
nation of the soil residues [Narasimhamurthy and Stibrahmunyan, in 

these studies revealed that the final carbon level remained uimltt-rcd except 
in those oases where the system was alkaline. In this latter fiiiscy the (‘arbrni 
level fell down to a great extent. In the initial stages of the ferment alion. 
however, there is a distinct rise in the carbon lev(d of the soil. It is therefore 
clear that the significant changes are confined to the stjlution phase and in 
this paper the results of a detailed study of the changes in eorhon complex in 
the solution phase are recorded. 

• Expeeimentai. 

Materials 

Foe these .studies, the local red sandy loam soil was employ(?(i. After 
removing the roots and other vegetable residues present in it, the .soil was 
pulverised and sieved. The fraction which passes through 20 mesh but nut 
through 30 mesh was separated out for reasons given in our pr<?vi(»us work 
[Bhaskaran et al., 1934] for use in the experiments. The soil used in the pre- 
sent study was obtained from the same plot from which samples had been 
drawn for the previous investigations [Bhaskaran et ah, 1934]. 'ffte exiKTi- 
inents were earned out during the months of August-Reptember and the 
temperature during the period varied between 90® and 70“F. 

Procedure 

The soil was weighed out in 400 gm. lots into bottles of about 2 litres 
capacity, io each lot was then added 4 gm . of molasses and oiu; lit re of ater. 
This proportion of water was found sufficient to kcej) the soil well submerged. 
The bottles were loosely plugged with cotton wool. Two series of experi- 
ments were conducted, The first, which was qualitative in character, had for 
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its objective the identification of the products of decomposition in the liquid | 

phase. This experiment lasted for four weeks and random samples were taken I 

for examination each day in the first week and once a week later. In the second :| 

series, the more important constituents were quantitatively estimated ; sam- 
ples were taken for analysis every other day throughout the period. 

The supernatant liquid was separated from the soil residue by filteration 
on a Buchner under gentle suction. The residue on the filter was washed 
three times with liberal quantities of distilled water and the combined fil- 
trate and washings employed for the analysis. The solution was first made 
alkaline in order to precipitate iron and after filtration and repeated washing 
of the precipitate, the filtrate and washings were distilled to remove the neut- 
ral volatile products. Ice-cold water was employed to cool the receiver and 
the condenser. The distillate was made up to a known volume and aliquots 
used for estimating alcohol and aldehyde. The residual solution in the distil- 
ling flask was quantitatively transferred into a clean porcelain basin, made 
alkaline to litmus and evaporated on a water-bath to a small bulk. It was then 
made up to a known volume and aliquots used for estimating lactic acid and 
volatile fatty acids. 

Methods 

Qualitative examination revealed the presence of the following acids 
lactic, acetic, propionic and butyric. Alchol and aldehyde were the only 
neutral bodies detected. 

AZcoAoZ andl Aldehyde was estimated by the method of Fidler 

[1934]. Briefly stated, the method consists in treating the aldehyde solution 
with sodium bisulphite at 0°C. for one hour and back-titrating the unused 
bisulphite with standard iodine solution. The observation of Fidler [1934], 
that under these conditions auto-oxidation of aldehyde is negligible, is con- 
firmed in the present work. It w^as also found that alcohol does not interefere 
in the estimation. 

Alcohol and aldehyde were together estimated in a separate aliquot. 

They were oxidised by excess of standard dichromate solution at 37^0. in an 
incubator for forty-eight hours, the residual dichromate being estimated by 
titration with standard thiosulphate. Subtracting from this the known value 
for aldehyde, the quantity of alcohol present in the mixture was computed. 

Lactic acid . — The method was essentially the same as that outlined by 
Subrahmanyan [1929]. Preliminary experiments showed that the method was 
quite suitable for the determination of lactic acid in the decomposition pro- 
ducts of molasses, and that the presence of volatile fatty acids, such as propio- 
nic and butyric acids, did not interfere with the accuracy of the method. 

Fatty acids . — ^Volatile fatty acids were estimated according to the 
procedure outlined by Dyer [1916]. 

Results 

For the qualitative study the culture solution was examined both before 
and after separation from the soil sediment. In the latter the solution -was 
fractionated into three portions through distillation : (1) the non-volatile resi- 
due in the flask, (2) the volatile acids and (3) the volatile neutral products 
of fermentation. In the non-volatile portion, tests were made for lactic, 
peruvic and succinic acids. Yolatile fatty acids were looked for in the 
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second fraction and tests were applied to the third portion for acetone bodies 
alcohols and aldehydes among the netutral volatile products. 

Reducing sugars persisted till the third day. Lactic acid and alcohol were 
present in the solution after the first twenty-four hours. The solution also gave 
a faint idoform reaction in the cold indicating the presence of acetone bodies, 
but other tests showed that this was not due to acetone. The reaction was 
noticed on the second day also but subsequent samples did not answer this 
test. On the second day, in addition to lactic aci<i and alcohol, both prrjpionic 
acid and acetic acid were present, the latter only in traces. The following day 
aldehyde was the only additional compound identified ; the test for acetic 
acid was stronger than on the second day. The same tests were obtained 
throughout the week with only one addition, viz. that of butyric acid which 
appeared to be in traces. The indication for aldehyde was also weak. During 
the following two weeks the products persisted with the exception of aldehyde 
and butyric acid. Towards the end of the last week of the experiment, i.e. 
on the twenty-eighth day, only three products were found to be present and 
these were alcohol, lactic acid and acetic acid. They too were present only 
in diminished quantities. 

In the other series, where a quantitative estimation of the fermentation 
products was carried out, the experimental period was restricted to about three 
weeks, the reason being that in actual field practice the fields are flooded after 
this period, and the soluble products get completely washed away. In these 
estimations attention was given to aldehyde, alcohol, lactic, acetic, propitjnie 
and butyric acids. The results are given in Table I and graphically rcju'esent- 
ed in Fig. 1. The qyuantities of aldehyde and butyric acid in the .solution being 
of the order of 1 mg. and below were omitted from the table. 

Table I 

Balance sheet for carbon in the changes accompinying the decomposition of 


molasses (ex^essed on 100 gm. of soils) 
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Aldehyde 


Time in days 

Fig. 1. 

Discussion 

The results presented show that the carbonaceous matter of molasses 
is largely converted into gases like carbon dioxide and methane and other 
organic compounds which being soluable are present in the supernatant liquid. 
The carbon content of the soil is not, however, enhanced as there is little or no 
humus production. This observation is in conformity with the previous 
findings [Narasimhamurthy and Subrahmanyan, 1936], 

Of the several soluble compounds formed, organic acids form the bulk 
and the quantity produced particularly that of acetic and propionic acids 
is considerable during the second half of the experiment. The large amounts 
of acids present lowers the jpH markelly, rendering the soil highly acidic. 
This is in conformity with the observations in the earlier work pBhaskaran etal., 
1934] wherein it was shown that the and buffering capacity of the supernat- 
ant liquid reach a peak by about this period. Due to this acidity no crop can 
thrive on the soil during this period. The toxic effect ascribed to molasses- 
treated soil and the unfavourable results reported by Peck [1912], Harrison and 
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■ Wad [1913] may be due to this eondition. Karmiakar et at [1937] ascribe the 
toxicity to -the* gases, carbon dioxide and hydrogen wliich displace ox}'geii 
from the soil solution and thus as phyxiate the plant. 

Tlie presence of these acids in such concentrations would natui-ally altc:r 
the physical condition' of the soil by reacting with its insoluble mineral 
plex. Considerable quantities of iron^ calcium and aluminium are bruughl 
into solution [Bhaskaran et ak,1934]. 

Of considerable interest are the chain of fermentation produces produet'd 
under the coxiditions of the experiment, hi ilio succession mentioned already. 
Lactic acid is the first to be produced. The other acids are prol>abJy derived 
from it as a result of decomposition. The observation that the <^oneentratioii 
of volatile acids increases with the decrease in the concentration of lactic avid 
lends support to this assumption. However a definite assertion on this point 
is not possible with the available data. 

In view of the high carbon-nitrogen ratio obtaining in molasses, there 
is considerable loss of carbon. If by the addition of suitable nitrogemms 
matter, the C/X ratio is narrowed down, a portion of carbon could probably be 
retained in the soil but this however is a field for further investigation. 

SXTMHABY 

1. The transformation of molasses, when applied to soil as a manure 
under waterlogged conditions, has been studied, 

2. The carbon reserves of the soil are not augmented by using molasses 
as a manure. The acidity of the supernatant solution becomes so Jiicli as 
to render the soil, unsuitable for the crop for at least one month after tla* 
application of molasses. 

3. The decomposition products are mostly acids such as lactic, acetit% 
propionic and butyric, the last mentioned occumng only hi traces. Alcohol 
is also found to occur in appreciable quantities These decom])osition pi’oducb* 
together with carbon dioxide which escapes from the system as gas a.ecoiint 
for nearly all the quantity of carbon added as molasses, 

4. Lactic acid is the first product of the decomposition of molasses in soil 
Other products appear later. The concentration of lactic acid grarlually do 
creases while that of other acids increase. 

The author’s grateful thanks are due to Prof. V. Hubrahmanyau for hi.- 
helpful suggestions in the course of this investigation and U ^ Mr B. XI !hincrji*e 
fo his kind interest. 
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AISTD 
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(Received for publication on 5 July 1940) 


S INCE the discovery of nitrogen-fixing bacteria, workers in many coiiiitries 
have made attempts to evaluate the extent and significance of nitrogen 
fixation in soils under different conditions. There are cogent reasons to believe 
that fixation occxirs in arable soils and the most direct proof is the continuous 
crop yields from soils which have never been manured within human memory. 
Potash is abundant in most soils and phosphoric acid can be brought from 
the sub-soil by the deeper roots of plants, so a fair level of fertility can be 
maintained if the nitrogen supply is kept up. In soil where no nitrogenous 
manure has been added the supply of nitrogen must be entirely due to 
nitrogen-fixing organisms. 

The extent of asymbiotic nitrogen fixation has been fixed w ithin coiisider- 
able limits in the vast literature on the subject. Two plots at the Rothamsted 
Farm have showm an average fixation of 25 lb. of nitrogen per acre annually 
over a period of twenty-five years [Hall, 1937], while another plot left wdld 
under permanent vegetation on the same farm has shown an average annual 
fixation of 91*7 lb. nitrogen per acre during fifty years [Russell, 1937]. In 
the Punjab, Wilsdon and All [1922] recorded an increase of over 100 per cent 
nitrogen in four months in some districts ; the maximum fixation recorded 
being 50 mg. nitrogen per 100 gm. soil or equivalent to 150 tons farmyard 
manure per acre. Lander and Ali [1925] from the same laboratory coiTobo- 
rated the above findings on the nitrogen-fixing powrer possessed by arable 
soils, but were not able to record such high additions. They on the other 
hand found that losses of the nitrogen fixed also took place as rapidly. 

Considering the losses of nitrogen otherwise than by leaching from arable 
soils, one plot at Rothamsted has received an application of 14 tons of farm- 
yard manure or 200 lb. nitrogen every year since 1865 ; of this huge amount of 
nitrogen only about one-fourth has been obtained in the crop, another one- 
fourth is detectable in the soil and the rest is supposed to have been lost. 

Besides the innumerable reports of gains and losses of nitrogen from arable 
soils there are instances on record where no significant fixations or losses could 
be recorded [Punjab Department of Agriculture Reports, 1917-20]. While 
there can be several explanations of differences in observations under different 
conditions, the chief reason for such widely dilfering observations seems to be 
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the method that is commonly used for the determination of nit rogtm iu soil. 
That most commonly used is the Kjeldahl method which is based on the trans- 
formation by acid digestion of the different forms of nitrogcni into ammonium 
sulphate from which ammonia is later distilled in standard acid. Oentyally 
5 to 10 gm. of soil samples are used for analysis atui the ammonia evolved 
during distillation is received in a deci-normal acid. 

In actual practice it is possible even with the utmost care l.o use a drop 
of alkali too much or too little before the end point is well marlaul in titration. 
Taking four million pounds as the average weight of an acre-foot soil this 
difference of a drop of alkali in titration represents 56 lb. of nitrogen more 
or less per acre if a 6-gm. sample is used for analysis <jr 28 lb. nitrogen if 
the sample taken for analysis is 10-gm, 

(Approximate weight of one acre-foot soil 
= 4,000,0001b. 
or X 463= 1,812,000,000 gm. 

Difference of a drop of deci-normal alkali for 6-gro. sample 
means a difference of one e.c. in 100 gm. — 
or 1 -4 mg. N per 100 gm. soil 

difference in acre-foot soil — 

= 1,812,000,000 X 1-4 

1000 X 100 
= 26,368 gm. N 

or 66 lb. N per acre) 

Tailing 45 lb. as the average nitrogen content of a wheat iTop removed from 
one acre it will be seen that even the most careful worker caniujt detect with 
certainty the gain or loss of this amount in the soil. 

In order to illustrate this point a number of delerminati(jnK were carried 
out with a sample of clay-loam soil. A portion oi' the sainph.! was sieved 
through a 0-5-mm. sieve, another portion sieved througli a. I -min. sieve and 
still another portion sieved through 2-mm. sieve. Determinations of nikogen 
were made in 5 and 10 gm. portions of the three samples so prepared and the 
following results were obtained : 

Nitbogeft in lb. pbb acre 

I. As affected by the size of particles (10-gm. sainjtlc used for determi- 
nation). 

Sieve used . 0-6 mm. limn. 2 wrii. 

Dry digestion . 1316 1330 1372 

*Wet digestion . 1372 1368 1400 

II. As affected by the weight of sample taken for analysis ( 1-mm. sieved 
sample). 

Dry Wet 

digestion digestion* 

6gro. . 1400 1344 

10 gm. . 1330 1368 

* In wet digestion the soil was treated with 20 c.c. water before the addition of 

said. 
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Without discussing the comparative merits and demerits of the wet and dry 
methods of digestion or the influence of the weight and fineness of the sample 
taken for analysis, the above-quoted results clearly show how variable the 
results <>f nitrogen determination in soil can be in spite of neat care. 

While standardization of the procedure similar to the one suggested by the 
Official Agriqultural Chemists may help to make the results more comparable, 
the EJ method is not at aU suitable for recording absolute fluctuations 
of nitrogen in soil. 
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EUPELMELLA PEDATORIA FEER., A PARASITE OF 
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(Boceived for publication on 19 July 1938) 

(With Plate XXXV and three text-fiRurew) 

Inteodpction 

I N the course of an investigation into the possibility of the biologienl con- 
trol of the cotton-stem weevil of South India, the biology of Eupebnella 
pedatoria Perr., an ectophagous larval parasite of this weevil, was studied. 
This curious eupelmid was for the first time observed parasitising Pempheres 
grubs in an off-season crop of Cambodia cotton during July 1937. It lias siiKfC 
been recovered, though in small numbers, on several occasions from the same 
crop and from the same host as also from other hosts infesting a few other 
species of plants. The study is by no means exhaustive since many as{)ecta 
of its biology and distribution still require a more thorough and extended 
investigation. This is perhaps the first record of this geiims in India. Besides, 
the parasite was noted to be peculiar and unique in respect of certain struc- 
tural characters, reproductive habits and parasitism. It was therefore Ibouglit 
desirable to place on record the fact of its occurrence in this country together 
with the observations so far made on its life-history and behaviour in ndiition 
to its host complex. 

Adult {Plate XXXV fig- 1)- — ^The adult female is a dark smooth .shining 
elongate creature varying in size from 1-0 mm. to 3- 6 mm. in length, 
averaging 2 - 6 mm. with a width varying from 0-5 mm. to 0- 75 mm., averag- 
ing 0-6 mm. for six individuals. The general colour varies from browni.sh dark 
to jet black. The wings are rudimentary and curved v ith a narrow tapering 
apical region. Consequently the parasite i.s unalrle t.o fly. The parasites, 
however, are adepts in running quickly and taking long leaps in (tages. The 
ovipositor is quite prominent and well extended beyotul the tip of the abfio- 
men. 

The .specimens were sent to the Imperial Institute of Entomology, Lon- 
don, for identification and Dr Ferriere has recetrtly determined 1 tie same a,s 
a new species of Eupebnella. — family Eupelmidae, super-family ( 'hnh-idoidea. 
[Ferriere, 1939]. 

History OF THE OKNUR 

The genas Eupelmella was first erected by Mo(U'e in !i)I9 and named 
Eiipelmus degeeri Dalman as the genotype. .As seen from available literature 
the genus appears to be small including .s<» fm- only two species of economic 
importance, EitpelmeJIa resicularis Retz. and E. phtfi/eleidis Sarra, Tlie 
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Fig. 1. Adult female (x 12) 


Fig. 2. Egg 
(X59) 


Fig. 3. 

First stage larva 
(X40) 


Fig. 4. 

Full-grown larva 
(XlO) 




Fig. 6. Pupa (ventral view) 
(X12) 


[Ep.=epistoma ; Hyp.=liypostoma ; I.M.S.=mferior mandibular strut ; Lbr.=labrum; PI.— pleurostoma ; 
S.M.S.=superior mandibular strut; M;d.=mandible ; Mxp.=maxiUary palp ; , Mdg.=Mandibular groove ; 
Lbp.=labial palp; Tent.=tentorium. Sal. d. =Salivary duet 
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latter species is comparatively of minor importance since it has been recorded 
oirly as a parasite of the Tettigoniid— ife#nop«era grisea F. in- Italy [Sarra, 

1934]. The other species E. vesicularis is of considerable importance as a 
primary parasite of the Hessian fly, Mayetiola destructor (Say). This species is 
highly polyphagous parasitising as it does a great variety of insect hosts re- 
presenting diverse insect orders. The distribution of the species, however, 
is limited to Europe and North America. According to Dr Eerriere J?. peda- 
toria is the first known oriental species of the genus Eupelmella. He also adds 
that there is the possibility of some species described in Eupdmus Balm, 
coming under this genus since the differences between the two genera Eupel- 
mtis and Eupelmella have not been fully recognised. It is further pointed 
out that this Indian species is specially related to the European E. mullneri 
Ruschka, and the North African E. schyzomyiae Masi. 

Distribution 

So far as the present studies go, its distribution is confined to Coimbatore 
and surroundings. Further investigations may very likely disclose its presence 
in other localities in South India. 

■ : Hosts 

The host range of the species appears to be restricted to Coleoptera and 
Hymenoptera so far as the writer’s limited observations go. In nature, the 
species has been found to parasitise the full-grown grubs of Pempheres infesting 
Cambodia variety of cotton. Occasionally earlier stage grubs are also ovi- 
posited upon. It lias also been reared from eggs and early instars of Hypoli- 
xus grubs boring into stems of amaranthus. There is a single representative 
of the species which has been reared by Mr V. Margabandhu from Apion 
grubs boring into a common weed, Corchorus trilocvlaris, found growing in and 

near cotton fields. In considering the host range it is of interest to note that . 

the .species ordinarily exists as a primary parasite, but in some cases can take 
up the role of a secondary or hyperparasite. In the course of the present ; 

studies it has been actually recovered as a hyperparasite from cotton fields 
on two occasions. First, on August 17, 1937, a newly hatched larva was taken 
feeding externally on a mature Enlophid larva—Euderus pempheripMla 
(Ram5crishna and Mani)— which is a primary parasite of Pempheres grubs. 

The parasite was again collected on the 24th of the same month as a small 
larva feeding on Euderus pupa. In laboratory trials it was found that no 
hosts other than Pempheres grubs were accepted for oviposition. Hypohxus 
grubs, Euderus larvae and pupae and various stages of other parasites, like 
Dinarmus coimbatorensis Ferr., etc. were supplied in cotton staUis and cap- 
sules for oviposition trials but with negative results. As seen in nature and 
from its ready acceptance of Pempheres in cages for oviposition and develop- 
ment it may be inferred that the stem weevil is its natural and normal host m 
South India, 

Breeding technique 

Oviposition experiments were conducted in ordinary 6 in.X l in. cotton 
plugged tubes yith a {Jaily supply of suitable hp^t stages and food in the shape 



01 raism or sugar or honey solution., stages were safely lodged in artifieM 

cells scooped out in fresh cotton stalks covered with a Ikl of "thin hark and 
fastened by fine cotton threads. These stems were jomoved daily or a»s often 
as necessary and examined under a binocular. Development was studied in 
small gelatin capsules or paraffin cells into which parasitised stages were trans- 
ferred to facilitate observations under a bino<!ular. The rearing exj>eriment.s 
were carried out in the laboratory at the (^ottrm Breeding Htation during 
the period of July to December 1937. The temperature and liiiinidity (‘oinli" 
tions of the period are graphically represented in Figs. 1-3. 

Pre-ovipositton PBRlOn 

The newly emerged adult female pays little or no attention to the host 
for about a minimum of seven days after cmergeiu^e. During this j«*riod it 
either rests or feeds on the food supplies in the form of sugar solution or rfiisin 
and seldom interests itself in the loaded stalk supplied. 1’his fwiiod was pro- 
longed in some eases to a maximum of fourteen days as seen from the re<-or<led 
data. The period averaged 9-5 days for six observed adults in the .season 
August to December. A certain proportion of females was seen not to ovi- 
posit at all. Out of a series of twelve trials jLsmanv assiv fionales in atiit/i nr 
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OVIFOSITION 

When ready to oviposit the female was seen to spend considerable time 
wandering slowly over the loaded stalk continuously testing t with its antennae, 
legs and tip of ovipositor. The antennae are seen directed forwards and down- 
wards and^ are kept in constant vibration all the tune. Ihe paiasitc not 
infr VenSy strays way from the stalk only to return sooner or later to explore 
the same. After such scrutiny and apparently locating a mobile host giu b 
inside the stem, the abdomen is lowered and the ovipositor is tlnust < ' 

the bark or through the artificial slit in the stem and the same is If 

to its entire length. Apparently an egg was laid and the parasite iisua Ij 
wandered away from the spot and no attempt at laying a second egg on the 
same spot was normally observed. The process of oviposition occupied only 
a few minutes. Generally oviposition takes place during the day and occa- 
sionally during nights. In captivity the parasites dejiosited norma ly one egg 
per host save in a solitary instance when two were placed in the same cell. 
The maximum per day also did not exceed this number. 


EOG-LAYINa PBBIOI) 

The duration of the egg-laying period averaged 7 • 6 days ivith a maximum 
of sixteen days for six individuals observed. Ovipositioh was verj' irregular 
and at varying intervals extending up to a maximum of seven days, there 
was always a distinct post-ovipositioh’ period as may he seen Irom the data 
gathered. This period ranged, from two to twenty-nine days averaging 1 d • 3 
days for six observed cases. 

Condition of host and position of fahi 

While playing the part of a primary parasite, the host selected iov oxl- 

position was invariably a medium-sized or a full-grown Pcmphen-n grub. In 
a series of trials with other stages, such as prepupae and imimc, no (>vipo.sitmn 
book place. In the ease of HypoKxus host, tiie earlier instar grabs u t'rc seen 
to be preferred in nature. The size of the host apparently forms an imjaulant 
criterion in its choice. The host grubs are seldom noted to be pompieteiv’ 
paralysed. In almost all oases the host was rendered only partially inactive 
by stinging, and in consequence the egg deposited may often lie IouikI liislodged 
in the host tunnel. Normally the eggs are placed loo.sely without any sort 
of attachment on any pact of the liost body. Not iiifmiiiently these are 
found deposited in the host tunnel amid excreta and fras.s. In siicii cases 
the larva on hatching moves about quickly in search of the iiost which it may 
or may not encounter in the vicinity. A small praportbu of host stages was 
merely partially paralysed without any deposition of eggs. .As many as 
thirty-four stages were rendered partially inactive by a lot of ten females unae- 
compauied by actual oviposition. It works up to an average of stages 
per female. 

Egg {Plate XXXV , fig- 2).— -The dimensions of the egg vary greatly in 
accordance with the size of the ovipositing adult. It varies in length from 
0-40 mm. to 0-47 mm. averaging 0’4r) mm. for five eggs and in width from 
0-11 mm. to 0-275 mm. averaging O-IS mm. The eggs ai-e white in colour 
with a shining, smooth, polished sui-face. They are stalked and ellipsoidal in 
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form with two processes at the poles — a large tubular hollow pedicel at 
cephalic end measuring b • 36 mm., i.e. approximately two-thirds of the length 
of the egg and a thin hair like flagellum often irregularly bent or twisted at the 
caudal end measuring 0; 18 mm. roughly equal to the width of the egg. The 
pedicel is usually folded back along the sides of the egg but may be bent or 
twisted slightly in various ways. 

Incubation 

The incubation period ranged from a minimum of one day to a maximum 
of two days averaging thirty-nine hours for ten eggs during the season J uly to 
November 1937. There occurs no appreciable change in colour before hatch- 
ing except that the thin chorion shrinks to some extent. Prior to hatching the 
dark brown curved sharp mandibles of the embryo work at the cephalic end 
near the base of the pedicel. In about ten minutes a breach is effected in the 
chorion through which the larval head is protruded. The larva emerges slowly 
taking about forty-five minutes to one hour for completing "the process. 

Immatubb stages 

1st stage larva {Plate XXXV, fig- 3 ), — The newly hatched larva is trans- 
lucent white and somewhat flattened and spindle shaped. It is widest in the 
middle, tapering acutely at the abdominal tip. The head has a slight tinge 
of yellow and is more chitinised. It is convex in shape and bluntly pointed 
anteriorly. It bears a pair of minute distinct antenae. The mandibles are 
dark browm, sickle shaped and strong. Length varies from 0:51 mm, to 
0-76 mm. averaging 0-62 mm. for five individuals ; the width varies from 
0- 15 mm. to 0-33 mm. averaging 0*22 mm. ; the width of the head averages 
0*19 mm. The head is followed by thirteen well-delineated segments with 
long sensory hairs. The latter are arranged in two rows-— dorso-lateral and 
lateral rows on either side of the median line. The hairs, particularly the lateral 
ones, on the first two segments are the longest, being nearly 2| times as long 
as the rest. The primary larvae are often hatched at a distance from hosts 
and have to wander about in their search. Not infrequently the host gnib 
itself being only partially paralysed may have migrated in the stem to a dis- 
tance. In spite of the active search, some larvae might fail to reach the host 
and perish. The moment it approaches a host, it takes a strong hold on the 
cuticle by its sharp curved mandibles and begins to imbibe food by energetic 
suction. The host gnrb wriggles violently and tries to dislodge the parasite 
but the latter persists in clinging to its hold. In_a few moments the host is 
rendered helpless and passive, probably by the injection of a toxin by the bite 
of the parasite. The parasite continues feeding vigorously and the stomach is 
seen coloured by its contents. The first moult of the larva has been observed 
in a few cases and takes place within about sixteen hours after hatching. 

27 id stage larva.— The larva, is glassy white in this stage except for the cream- 
coloured stomach. It is less flattened and more rounded in form save at the 
head. The sensorial hairs are much shorter and less conspicuous. These 
hairs are all of equal length. Average length 1-10 mm. ; average width 0-41 
mm. and head 0'26 mm. ^ 
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■ 3rd stage larm^-^Thh stage is more or less similar to the previous one ex- 
cept in size. The mandibles are straight and pointed. Average length 1^65 
mitt.5 average width 0*50 mm. and head 0*30 mm. 

■ ith stage form.— The general aspect is seen to be slightly cliangecl at ^ this 
stage. The head has become more chitinised and brownish. The mandibles 
have approximately become triangular. The body is siiorter and has bec<ime 
dirty white in' ■colour. :;:It B less' active and, makes wriggling movements 
anchored on its head. Average length 2*3 mm., average width ib65 mm. 

and head 0*40 mm. ■ 

^fogre or /^i!^gfroi^^ for?;a(PfofoZXXF, ^l?. 4).— This stage is distinctly 
different in form and colour from the preceding ones. 

Length varied from 3*62 mm. to 4*75 mm. averaging 4*03 niin. 

Width varied from 0*90 mm. to 1*43 mm. averaging 1*22 min. 

Head varied from 0*42 mm. to 0* 74 mm. averaging 0*53 mm. for 
four larvae. 

The general colour has turned to dirty grey. The form has become more 
rounded and stout in the middle with tapering extremities. Head (Plate 
XXXV, fig. 5) is convex and short having a pair of cylindrical unjointed 
antennae and four long setae. The mandibles are dark brown, heavily chiti- 
nised and triangular with upper and lower articular processes. The labrum 
is heavily chitinised in the centre and is coloured dark brown bearing four 
to seven teeth-like denticles on its ventral aspect. The maxillae are trans- i 

parent and inconspicuous bearing a pair of tubercles representing maxillary 
palps. The labium is also thin and possesses a pair of palp-like projections. 

The body segmentations are distinct having seven longitudinal rows of long 
setae along dorsal and lateral aspects. Two of these rows are incomplete ancl 
extend only till sixth segment. The spiracles numbering nine are open and 
clear at this stage. The larva, in general, is dull and sluggish. 

Lawil K/e u/^er tocMngr .—The newly hatched larva makes rapid move- 
ments in a looping manner by using its mandibles and abdominal tip. It often 
stands anchored on its head with the rest of the body being raised and swayed 
in the air in a circle. In about two days the host-grub is killed. By tlie time it 
gets full grown nothing remains of the host except its hard head capsule and 
empty collapsed cuticle. It moves away from the host-remains and enters 
the prepupal stage. Never more than one adult developed from a single host I 

even though two or more eggs or larvae were artificially left on tlie same host 
The developing adults from iO-fed larvae are all under- sized and seldom ovi- 
posit. The larval period varied from five to fourteen days averaging 8*3 
days for nine individuals. 

Prepupa * — The full-grown larva, after voiding the meconium in the form 
of a small heap of brownish pellets at the caudal end, enters the prepupal 
stage. The prepupa is ivory white in colour and is contracted very mucli 
in size. The size varied within a wide range but avcmiged 3*6 mm. in length 
and I • 30 mm. in width for four individuals. It is capable of slight movements 
when disturbed. It is seen slightly wrinkled and folded in the thoracic region. 

The duration of this stage varied from one to three days averaging two days 
for eleven individuals after the discharge of the last meconial pellet. 
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Pu%)a {Plate XXXY ^ fig. 6). — Tlie. iiewly formed pupa is yello wish white , 

It becomes light brown on the second day and turns deep leathery brown in 
about two days. Soon after, the eyes and antennae become darkened and 
still later the entire head and thorax turn dark. Gradually the rest of the 
body also assumes this colour. It is in shape slightly convex on the dorsal sur- 
face with the head slightly broader than the body. The size varied greatly 
but averaged 3 • 27 mm. in length and 1 • 1 mm. in width for four individuals. 
The duration of the pupal period varied from six to twenty days averaging 
10*4 days for ten individuals during the season July 1937 to March 1938. 

Emergence of the adult , — ^The pupal covering of the head region breaks 
transversely at the neck region and the same is pushed forward as a cap 
to begin with. The rest of the pupal skin splits along the sides from the thorax 
as far as the middle of the abdomen, dividing it into dorsal and ventral halves. 
The shining bluish dark adult emerges by pushing itself forward leaving the 
empty pupal skin behind. The entire process of emergence occupies about 
twenty to thirty minutes. Ultimately it emerges from the host tunnel to the 
outer world by gnawing a minute aperture through the bark. 

Life-cycle and seasonal histouy 
Since July 1937 when it was first discovered as a parasite of PemphereSy 
laboratory rearings have been conducted till the end of the year. The species 
has been again met with in February-March 1938 in small numbers in the 
seasonal crop. Full details on the duration of the total life-cycle periods of 
a few are furnished in the following table. Data on the rearings of other 
specimens have been omitted since the records are incomplete in some respects. 


Incubation 

period 

Larval 

period 

Prepupal 

period 

Pupal 

period 

Total 
life -cycle 

Sex 

(days) 

(days) 

(days) 

(days) 

(days) 


• 2 ■ 

7 

1 

7 ■ 

i 

' 17 ■ 

Female 

2 ' 

5 

1 

1 

11 

19 


■ 2 

9 

3 

9 

23 


1 ' 

8 

1 

11 

21 


; li , 

8 

2 

12 

23i 



The total life-cycle period got prolonged from seventeen days in July to 23 J 
days in November and averaged 20 - 7 days during the period for five indivi- 
duals. With the approach of the cold season when the temperature goes down 
accompanied by a comparative rise in humidity, the duration of the develop- 
mental instars is found to be prolonged. The duration of the life-cycle period 
was found to be shortened to some extent (occupying roughly 16j days) 
when the species functioned as a secondary parasite on Eulophid pupa. As 
a primary parasite on the other host, Hypolixus grubs, the Hfe-cycle covered 
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roughly 17| clays. The life-cycle period is seen to bo still further sliortened 
when it parasitises HypoUxm eggs. Roughly it is seen to cover fourteen to 
fifteen days with one or two days as egg, five or six days as larva aud six to 
seven clays as prepupa and pupa. Even though the data availahlo are ad- 
tnittcdly meagre it may be concluded that the period shov's appi*(^ciaf>i(5 
variation not only with the season but also according to the nature of the hosts 
on which the parasites develop. Cbusidering the period occupied by the host 
for completing one generation, it may be evident that the parasite can caisily 
have two to three generations for one of the host. Eurther, since tlie host 
generations are uneven and overlapping, the parasite has (-hanco to breed 
continiiously. 

Hypubpakasitism 

The species is usually a primary parasite and its typical or normal host 
appears to be Pempheres grubs. It has been also noted to parasitise occasional- 
ly a few other stem-boring weevils. Its activities are not always an unmixed 
blessing since it has been also definitely noted to play the part of a secondary 
at times. On two occasions it has been actually taken as a hyperparasite on 
larva and pupa of tlie/Bulophid— pempheriphila — ^which is an ecto- 
phagous primary parasite of Pempheres. It is not possible to say whether 
the parasite shows any distinct preference to weevil grubs. There is consider- 
able justification in concluding that the species may assume tlie role of a second- 
ary probably on occasions when primaries occur in abundance and become 
easily accessible. 

Habits of the adult faeasite 

McConnell [1918] has recorded that an allied spories P. ne6noiilarii> is 
fond of feeding on the body fluids of the host from tlie jRmeturcs made during 
oviposition. The writer, despite contimious and careful ob^servations, lias 
not seen this phenomenon in this species. The iiabit of stinging and [}arah^s- 
ing a number of host grubs unaccompanied by egg deposition Iciuls supjiort 
to the idea that it attacks these probably for purp<),scs of feeding. This 
diet, however, is not apparently essential for rcprcdiiction of the species. 
The parasite feeds with considerable relish on sweet licpiids or j-aisin and its 
longevity is considerably increased by this diet. The parasite is very active 
though devoid of functional wings. They can run rapidly in (‘ages and can 
take sudden and long leaps in quick succession. Tlie hind limbs and the gcmeral 
build of the parasite are considerably adapted for ea>sy jierlbrmance of tins 
function. The species is distinctly phototropic and always travels by Icnijis 
away from the shaded portions of cages. 

Longevity 

In the course of the breeding trials some data have been secured. 
longevity ranged from a minimum of six days to a maximum of forty-seven 
days averaging 19-7 days for twelve individuals. It may also be seen that their 
life is considerably prolonged in the cooler months of Octolier, November 
and December* 




Thelyotoky 

Tlie reproduction of the species is characterised by thelyotokoiis par* 
thenogenesis, From field collections the parasite has been recovered in various 
developmental stages and these have invariably developed into adults of female 
sex only. Very nearly three generations of the species have been reared in 
the laboratory without the appearance of a single male. It looks as if males 
are unknown in the species ; probably they do not exist ; and that reproduction 
is always thelyotokous. A proportion among the progeny was found to be 
incapable of oviposition but this may be due to defective nourishment in tlie 
early instars. 

Thelyotokous reproduction has been noted in a few instances in parasitic 
Hymenoptera. Vance [1931] found it to be of common occurrence in Apm- 
teles thompsoni Lyle. Dinocam%ms termimtus Nees is another Braconid that 
reproduces in the same manner. A few other species where the phenomenon 
is common have been recorded. A great majority of sucli species belong 
to Ohalcidoidea. Among these may be mentioned Thripoctenus russdli 
Crawford — an internal parasite of thrips, Achrysopophagus modestus Timber- 
lake, Goccophagus modestiis Silv., an Aphid parasite Aphelinns jucund^ls Gshmi 
and the allied species Eupelmella vesimlaris Retz. a parasite of the Hessian 
fly. A few, namely, Hemiteles longicauda Thoms, Eemiteles tenellus Say, 
Nemeritis canescens Gravenh, come under Ichneumonidae. Doner [1936] 
has recorded two species of parasites of Ooleophora pruniella which are tlielyo- 
tokous, namely Hemiteles tenellus and Eupelmella vesimlaris. 

Apparently this method of reproduction is of considerable advantage 
to the species for its rapid multiplication. Reproduction has not got to depend 
on chances of mating with males. The entire progeny being females, the 
species has the potentiality of a rapid incfease in numbers within a few genera- 
tioiiB. So far as the prevsent brief studies go, this species has not been observed 
to be much affected by the apparent advantages of thelyotoky. There has 
been no great rapidity in its multiplication, very probably brought about by 
defective nourishment in the feeding instars in rearings in captivity. 

Economic impoetanoe 

The evaluation of the action of a parasite is extremely difficult and re- 
c|iiires a great deal of careful and prolonged investigation. The parasite has 
been encountered only quite recently and its economic po*ssibilities have 
not been sufficiently explored. These have not occurred in such numbers 
in the fields as to be of any great significance in the control ol the pest. It 
is a primary parasite which can multiply by thelyotoky. It destroys more 
hosts than actually oviposited upon. These qualities certainly make for 
efficiency. On the other hand, their poor rate of oviposition, compara- 
tively prolonged life-cycle period in certain seasons and tendency to play the 
role of a hyperparasite greatly detract from its economic value. The parasite, 
iiowever, is of considerable scientific importance because of its unique dis- 
tribution and polyphagous instincts. 

Aoknowledosments 

The writer is indebted to Sir Gtiy A. K. Marshall, Director, the Imperial 
Institute of Entomology, London, and Dr Eerriere for the identification of 
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the parasite. The author has to express his gratitude to the Indian Central 
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THE ANATOMY, LIFE AND SEASONAL HISTORIES OF 
STRIPED MOTH-BORERS OF SUGARCANE IN NORTH 
BIHAR AND WEST UNITED PROVINCES 


BY 

B, D. GUPTA, M.Sc., Assoc. I. A. R. I. 

Oane Entomologist^ Sugarcane Besearch Station, Mtizaffarnagar^ United Provinces 
' (Received for publication on 24 February 1938) 

(With Plates XXXVI and XXXVII and five text-figures) 

Intkoduction 

A GOOD deal of confusion prevails in the identification of moth borers of 
sugarcane, viz. : — 

I 1. Argyria sticticraspis ILmpm, 

j 2. Diatraea auricilia Ddgn. 

3. Diatraea venosata Wlk. 

i 4, CMlo zonellus Swinh. 

i The larvse, pup^e and moths are so similar in their general coloura^tion that 

‘ it becomes difficult to say which is which. The larvae possess four to five 

violet stripes with dark grey tubercles studded over them. These tubercles 
change their colour due to seasonal and sexual dimorphism which makes their 
identification still more difficult. For this reason it is desirable to have full 
descriptions of adults, pupae and larvae along with their habits and life histories 
which will render the identification easier. The description of Argyria tumi- 
dicostalis Hmpsn., the striped borer of Bengal, has been left out as the author 
did not come across this borer either in North Bihar or in West United 
Provinces. 

Histobical 

Mukerji [1857] described the borer as ^ dJiosah^ from Bengal. Cotes 
[1889] named it Diatraea saccharalis Fabr. Hampson [1898] merged it 
I erroneously with the sorghum borer which he determined as CMlo simplex 

Butler. It was Maxwell Lefroy [1906] who indicated that the said species 
was different from CMlo simplex BXidi named it as Diatraea auricilia Ddgn. 
He asserted that Diatraea saccharalis Fabr. did not occur in India. Its true 
position was brought to light in 1926 when T. Bainbrigge Fletcher compared 
Indian species of Diatraea auricilia [Proceeding III Ent. Meeting, 
Vol. I, p. 387, pi. 48 and 49, fig. 1) with Dudgeon’s Diatraea auricilia 
in the British Museum and established that it was Argyria sticticraspis Hmpsn. 
At the same time the name OMo Butler was discarded in favour of 

Chilo zonellus Swinh. This information indicates that the moth borer sketched 
by Cotes [1889] in Indian Museum NotesNol, }, No. 1, pi. 2, figs. 2 (a & b) and 
named as Diatraea saccharalis Fabr. was really Argyria sticticraspis Hmpsn, 
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In some of the recent piiblieation.s the generic naanc of sHcticrmpis 
Hmpsn. has been changed from Argyria to Diatrma* matter was encjiiired 
from the \ Imperial Institiite ■; of Entomology^ London* Sir Gny A. K» 
MarshalFs remarks of 28 July 1938 on tlie present position of Argyria are 
..■quoted .. . 

: ■ ‘ III the British Mnsenm collection this insect stands under the genus 
Argyria^ but there is- a note added to the series to the effect that 
the species really belongs to the germs Diairaea. I'h is note \i’as ]>n1 
in the colleotion by Mr T. Bainbrigge Fletehei% and it is as a resnli 
of this note that we have sent out the species under JMatraea. 1 
have now comsiilted Mr Tams on the subject and ho informs me 
that he does not agree with Mr Fletcher’s opinion* Unfortiinatelj' 
the genus Argyria as constituted by Hampson is in very great 
confusion, and an extensive revision will be necessary before the 
species which really belong to it can be ascertained. For the 
present, however, Mr Tams suggests that slieticraspis should Ik* 
retained in the genus 

OCCUBKENOB AND BISTEIBUTION 

Argyria sticMcraspu lJmpm. occurs in sugarcane during the hot weather 
of April, May and June when the crop is young. Its activity goes down with 
the breaking of monsoon rains. The borer is fond of shoots and has not been 
observed to do severe damage to cane stalks in these parts. Diatraea auriciUa 
Ddgn. and JDiatraea venosata Wlk. attack the gTOwn-iip canes during rains and 
continue their ravages till hibernation sets in in November. Chilo zondhia 
Swinh. is not really a pest of sugarcane. It has been found to occur in onh- 
those cane fields which are in the neighbourhood of borer-infested fields of 
maize {Zea Mays) ot jvar {Andropogo^i sorghum). In all these cases the borer 
injurj^ can be detected by the drying up of the central leaf slieath commonly 
known as ‘ dead heart 

C^ultivators do not differentiate between different .species of borers but 
designate them according to their colour, habits or the efieets they produce ra ? 
the crop. They are locally known as goruan in the Punjab, illwsnh anct 
majera in 'BengdA, phmihala. Icansua m\i\ pMca in the United Provinc*es. 
These names in the languages of the provinces indicate tliat some of 1h<‘sc 
borer species are present practically all over the sugarcane tract of nortlic*rn 
India. 

Moepholooy 

( 1 ) Argyria stictiermpis Mmpm. 

Adult ' ■ 

Female—Wing expanse 23 to 35 nun., colouratioti of female as given b}’ 
Hampson [1919] is noted below 

* Head and thorax greyish ochraceous suflused w’ith red brown ; palfa 
iiTorated with clark-biwn ; abdomen greyisli ochreous with rufous 
at base of ^dorsum ; pectus, legs and veniral surface of abdomen 
tinged white with ochreous brown. Fore-wings greyish ochreous 
suffused with red brown. The cell and area just below and beyond 
it irrorated with darker red brown ; a curved post medial series 
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of small red brown spots in the inter -spaces from below costa to 
vein I ; a terminal series of minute black spots defined on inner 
side by slight white spots ; cilia with slight red brown lines near 
base and at middle. Hind wings pure w^hitCj underside of fore-wing 
tinged with rufous. 

The females in the author’s collection do not exactly agree with the des- 
cription reproduced above. The post-medial series of brown spots is absent. 
In the inter-spaces from below costa to instead of these spots there is an 
ochreous streak without red-brown. Two dark spots between and CU3 
behind the cell, another at the angle of the ceU. 

Male — ^Wing expanse from 19 to 26 mm. Head and thorax ochreous red 
brown ; antennse ringed black and white, palpi ochreous mixed with dark 
brown. Tibiae of 1st thoracic leg greyish ochreous, rest white red brown. 
Fore- wing pale red brown mixed with whitish and irrorated with blackish along 
the median nervure. Dark brown scales in front, behind and in the cell in 
the anterior median area. A black patch in front of the cell defined on outer 
side with a whitish spot. The area between marginal and submarginal dots 
dark brown with streaks as in the female. Hind wings ochreous ventrally in 
front of the cell. 

Hampson did not describe the male of Argyria sticticmspis but has given 
the description of male of coniarta, a separate species, of which he did 

not describe the female. The description given above for the male of Argyria 
sticticraspis agrees with the male of Argyria coniarta Hmpsn. The description 
given by Hampson for the female of Argyria sticticraspis does not tally with 
the description of females in my collection. It thus appears that Argyria 
sticticmspis and Argyria coniarta are not two different species but have been 
separated on individual description of female in the former case and male in 
the latter of the same species. 

Head . — ^Front convex in either sex. A well-defined epicranial suture be- 
tween the two antennas. Length of head shield greater than the breadth. Ocelli 
on protuberances behind the antennse. Antennse lamellate and flat in males 
and filiform in females. Scape large and swollen, pedical short and rounded, 
joints of funicle in male increase in width distally and shorten at the tip. Forty- 
one joints in botli sexes. Internally every joint bears two big ciliated scales. 
Labrum is scaleless. 

Thorax . — ^Patagia paired narrow transeverse plates closely opposed to the 
anterior end of the thorax. Well developed tegulse covered with dense hairy 
scales. Prothoracic sclerite narrow, meso-scutum broad with a longtitu- 
dinal suture and meso-scutellum diamond shaped ; meta-scutum narrow in 
the middle and extended laterally with meta-scutellum extending far behind 
over the first abdominal segment. 

Wing-venation {Plate XXXV I ^ fig. 1 ). — ^Fore-wing: (Nomenclature after 
Comstock and Needham). Sc, well developed, separate and unbranched. Rj 
from middle of the cell, and the stalk of Rjj and R4 from before the angle of 
the cell. The stalk longer than either R^ or R4. Rg from apex of the cell. 
Mj is discocellular originating from the angle of the cell. Its point of origin 
nearer to R5 than Mj>. and M3 arise from the cell in close proximity but 
are not fused. The cross vein PTV which closes the cell distally is fine but 
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prominent. It is curved inward to form an angle which is not sharjily defined 
The two branches of Cu^ are present. Cuj absent. Cuja frojn before tin 


from before 


lower angle of the cell and Cuib from the middle of the cell. Aj is present 


and A, 


but Aa is rudimentary. R4, Eg, Mj, Mg, Mg, Cu^a, Cuib, and Aj are 
equidistant with each other on the margin of the wing. 

Hind wing : Sc. + Ri and Rs. arising free but anastomosing closely 
beyond the cell to diverge again into Sc. 4- R^ and Rs. M^ from Rs. before its 
fusion with Sc. + Rj. The cross vein PTV is finer than that of the fore-wing 
and ai^le PTV is less than a right angle. The area of the cell is reduced due to 
drawing in of the cross-vein towards the base of the wing. Mg and Mg in a 
common stalk from the lower angle of the cell and diverge later into 
Mg and Mg. Cuja from near the angle of the cell and Cuib from the middle of 
the cell. Aj, Ag, Ag present. Frenulum consists of a single stout spine in 
males and of four spines in females. 

Legs.— A. pair of spurs on tibia of the first and second, and two pairs of 
spurs on the tibia of the third pairs of legs. Each leg has five tarsi, every 
joint of which bears a pair of spines. Claw is composed of paired ungus with 
pulviUus between. Ungus notched to give rise to a pair of spines. 

Abdomen. — -First abdominal segment is reduced being merged with that of 
meta-thorax ; sternum of second abdominal segment bears a pair of tympana. 
Segments 9th and 10th are modified to form genitalia in both the sexes. 

Female genitalia {terminology after Busch and Heinrich). — ^Internal: 
They consist of ovaries, oviduct, collateral and accessory glands, their 
ducts and sperm-ducts. The ovaries consist of four ovarioles on each side 
extending from first to sixth abdominal segments. They are much con- 
voluted in their course and fill the whole of the abdomen in freshly emerged 
specimens. Oviduct is formed by the two groups of four ovarioles from each 
side to open on the ovipositor. Collateral gland is of a small size and commu- 
nicates with the oviduct. Below', the oviduct receives the .sperm -duct fi-om 
ductus bursse. The sperm-duct joins the oviduct on the ventral .surface near 
the junction of the collateral gland. Receptacula seminalis lies above the angle 
of the junction of ovarioles. A pair of accessory glands milk-w'hite in colour 
and full of chalky material open into the oviduct in the ninth abdominal 
segment. The two glands communicate with each other below the rectum . 

External : Ovipositor is a chitinous oval ring profusely studded with seta? 
and bristles. The ring is supported by chitinous stylets. The genital opening 
or the opening of bursa copulatrixlies on the ventral surface of the eighth 
abdommal segment on a heavily chitinised plate. Bursa copulatrix is provid- 
with a star-shaped crystal-— the signum. 

Male genitalia. — Internal : Testes are in the form of a single dorso- 
ventrally flattened, round disc of a light yellowish green colour. Two vasa- 
deferentia (v. d.) arise posteriorly and after a short distance enlarge into two 
pearl-shaped pouches — the vesicula seminalis (v. s.) afterward.s getting narrower 
to open into the accessory glands. The latter are paired tubes closely 
approximated together and are full of chalk-like material. They get 
considerably prolonged anteriorly in a thread-like form. Posteriorly they 
unite to form the ejaculatory duct which opens on the adeagus after a much 
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External (Plate, XXXVII, figs. 1 & 2) : Vinculum (vm) flat, heavily 
chitinised and enlarged ventrally. Anellus surrounds the adeagus partially. 
Juxta bilobed and closely applied to adeagus ventrally. It is canaliculus. 
Adeagus slightly bent with blind sac produced posteriorly beyond the entrance 
of ductus ejaculatorious. Penis curved and sword shaped with cornutii 
present. Harpes hinged within the vinculum, siniide wing-like, triangular 
and divided but without any basal lobes. Tegumen broad at the place of 
articulation with gnathos. Uncus single, massive and triangular. Gnathos 
liook-like forming achsela with uncus. 

PgPA' 

Elongated, slender from deep to dark brown in colour, measuring approxi- 
mately 13 mm. in males and 17 mm. in females. The integument is transparent 
in newly formed pupse and development of the imago can be observed. 

Head ^ — Pah of frontal setae on fronto-clypeal region which is flat ventrally. 
I^ilifers and maxillary palpi present. Eyes promixally sculptured and distally 
glazed; large in males than in females. Labrum well differentiated with a 
prominent notch. Front laterally extended into projections over the eyes. 

Mid -dorsal ridge extending from prothoracic to meta-thoracic 
terga. Pronotum narrow and rough with a spine on each side of the ridge. 
Mesonotum very wide ; mesoscutellum not differentiated. Wings extend beyond 
the ventral half of the fourth abdominal segment. Wing suture is not defined 
on the mesonotum. Anteriorly the margin is raised in the form of a semi- 
lunar curve which possesses a metallic lustre. Mesothoracic legs do not reach 
the ventral margin of the wings. Meta-thoracic appendages extend beyond the 
wings, y ' 

Abdomen^— First four abdominal segments are free dorsally while hidden 
below by the integument of the wings. A pair of setse of the anterior trapezoid 
warts persist on all the abdominal segments as short brown spines. First pair 
of abdominal spiracles absent; present on second to seventh abdominal segments 
on raised projections. Eighth abdominal spiracle atrophied but its situation 
visible. Ventrally the impression of the prolegs is left on the fifth and sixth 
abdominal segments. Dorsal surface of fifth, sixth and seventh segments bear 
ridges. They lie in the anterior half of each segment between the lateral 
spiracles of the two sides. They encircle the seventh abdominal segment and 
their sharp projections are directed backward. The dorsal half of the tenth 
abdominal segment possesses four spines directed towards the posterior. 

Genital openings . — The male genital opening lies on the sternum of the 
ninth abdominal segment. It is in the form of a fine slit lying between tw'o 
raised projections. The female genital opening lies ventrally on the eighth 
abdominal segment in the form of a narrow longitudinal dark brown slit. 

Larva 

Full-grown larv^ measure 20 to 25 mm. in length and 4 mm. in breadth, 
cylindrical in shape with a dark brown head directed towards the anterior. 
The colour of the body is dirty white with five violet stripes on the dorsal 
surface. The stripes from second thoracic to eighth abdominal segment are 
arranged in the following manner (Fig. 1). 
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(1) Single dorsal stripe. 

(2) The two sub-dorsals— one on each side of the dorsal stripe. 

(3) The two laterals— one on each side of the sub-dorsals. 



The dorsal stripe is central and unpaired and originates from the anterior 
border of the first abdominal segment and extends up to the tubercles on the 
eighth abdominal segment and often beyond it. It is straight and narrow and 
scmetimes cannot be made out due to the brown colour of the alimentary canal 
lying below. 

The sub-dorsals and lateral stripes originate from the meta-thoraoic 
segment and join each other to encircle the eighth abdominal spiracle. The 
lateral stripes are supra-spiracalar in position. 

The body-wall is formed of transparent chitin studded over with dark gre}’ 
tubercles bearing dark brown prominent setm. The grey colour of the tubercles 
disappears in some of the mature larvse before July and in all after July. With 
colourless tubercles and deep violet stripes the larvm pass on to hibernate in 
winter. 

Spiracles are oval in outline having a jet black rim with a clear space 
within. They are in nin e pairs, viz. one on each side of first thoracic and others 
on the first to eighth abdominal segments. The la.st is the large.st and inure 
dorsally placed. The opening is guarded by several row.s of filaments gradually 
increasing in size towards the interior. These ribbon-fike filaments are pro\’id- 
ed with minute fibriUse. 

Larval details and chaetotaxy 

The head is deep brown in colour becoming darker anteriorly. It i.s 
spherical in outhne bulging in the posterior region and getting tr.iprzoidal and 
dorso-ventrally flattened anteriorly which brings the inouth'part.s on a level 
with the ground. 

Head capsule . — Each epicranial plate bears six ocelli, four of which 
lie in an arc on the lateral margin while two are more ventrally situated, 
h’irsfc ocellus is the largest while the third and fourth are smaller tiian others 
and lie approximated. 

There are thirteen setse and eight puuebure.s besides the ultra-posterior 
group of setae and punctures. Dyar aud Heinrich [1927j nomenolature for 
set® and punctures has been followed. 

The anterior setae Aj, Aj and Ag do nob form exactly a right angle as they 
do in Diatraea saceharaiis m described by Halloway and Loftiu [1919], bub lie 
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in an angle greater than a right angle. The distance between A3, and is less 
than Ag and A3. Puncture Aa posterior to Ag and in a line with Aj^ and Ag. 
Posterior setse P^ and Pg and puncture Pa parallel with the longitudinal ridge 
LR. P^ in a line with adfrontal seta Adf^ and Pa with the puncture Adfa, 
Pg more approximated to Pa than Pj^. 

Ocellar setse 0 ^, Og and O3 are weE separated. Oi lies below and between 
the III and IV ocelli and is shortest of the group. Og biggest and nearer to 
ocellus I than VI, O3 latero-posterad of ocellus VI with puncture Oa between ; 
Oa more approximated to oceEus VI than O3. Punctures Ob and Oc lie anterior 
and approximated to ocelli IV and V respectively. 

Sub“0cellar setse Soj,, Sog and S03 are situated ventrally in a triangular 
formation. Soi in the ventral angle behind the antenna. Sog approximated 
to ocelli V and VI. S03 far removed, with puncture Soa between Sog and S03. 

Lateral seta on the gena in a line with P^. Puncture Pb between Lj 
and Pj but more approximated to L^. Puncture La posterior to seta Lj. 
Genal puncture Ga and seta Gi on ventral aspect in a line with cardo. The 
group of ultra-posterior setse and puncture (x) lie posteriorly very much appro- 
ximated to each other. 

Frontal puncture Fa almost touching each other with frontal seta F^ 
far behind situated latero-posteriorly. The frontal punctures are weE separated 
m Diatraea saccharalis. 

Adfrontal solerites bear two minute setae and one puncture on each side. 
Distance between frontal seta Fj to adfrontal seta Adf^ is more than the 
distance between Adf^ and Adfg. Seta Adfg lies in the angle made by the 
adfrontal suture with the longitudinal ridge ; puncture Adfa nearer to Adfg 
than Adfi- Cylpeus carries a pair of setse Ex and Eg on each side. The 
third segment of antenna bears a shaft, a puncture, two spines and two sensory 
cones along with the articulation of fourth joint which carries one sensory cone 
of its own. 

Mouth-parts . — ^Labrum : An unpaired oblong and flat sclerite with a little 
convexity in the central region, wider than high, free edges rounded and a 
notch in front. Two groups of setec on each side of the notch. Median setse 
Mj, Mg and M3 triangularly arranged. Mg posterio-lateral and closer to Mj 
than to M3 which lies far in front. Lateral setse, Lai, Lag and Lag, lie in a 
curve one behind the other on the lateral margin. Lag and M3 on the same 
level. Lap Lag and Lag equidistant with each other. Setse Lag longest of the 
group. Puncture Ma posterio-lateral to Mg and lies behind in a line with M^. 

Epipharyngeal shield is closely applied to labrum above and possesses two 
sets of sensory cones. The first set ET lies in a triangular formation in the 
space below and between the median and lateral groups of setse of the labrum. 
The other set consists of four sensory papiEse EP lying in a rectangular forma- 
tion — two in front and two behind the seta Mg. Epipharyngeal rods are 
indicated by the posterior projections. 

Mandibles : Each mandible bears six protuberances in the form of 
teeth—two of which are conical whEe others have a spherical or pointed 
appearance. Each mandible bears one small (i) and one large (ii) seta. 

Labium : Ring shaped composed of three solerites. First bears a pair of 
labial setse, second forms a semi-circle at the base of the palp and carries three 
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pairs of i>unctures, two on each side of labial sctai and one on each side oi' the 
spinning tube. The third piece forms the spinnerat. 

Maxillae : The maxillae are fused with the labium af tho base hut are 
free at the tip. Cardo forms the base. .It is heavily diiliniscd ami glove- 
shaped. Stipes bears two chitinised rings of the ])alpuH having a sjvine on e>aeh 
with two lobes at the top. One is the maxillary palp and is two-jointed. 'I’bc 
other is the maxilla proper ending in small sensory cones. 

Mentuin is triangular and ligirtly chitinised. It boars a pair of prominent 
setae directed downwards and forwards. 'I’he paired sc.lerites lying one on cad: 
side of the meutum bounded by a part of stipes and eardo laterally eotistilufe 
the submentum. It is formed by two triangular sderites wbicb are light ly 
chitinised and run with each other uj> to the posterior limit.s oi the eardo. 

Thorax . — ^Prothoracic shield covers dorsally tlie major portion of (he tirsi 
thoracic segment. It is broad and divided into two ccjual halves by a niifi- 
dorsal longitudinal fissure. It is generally brown but gets dark on tlie a])proaeh 
of a moult and gets yellow when tubercles become colourless. Black jiignient 
spots are present all over but they are more concentrated on the po.steiior 
border of the shield. It has seven setae and three punctures named after 
Eraoker [1915] on eaeh half of the shield. 

Anterior margin has three setae la, lb and 1 c direc^ted upwards and forward 
Punctures X and Y adjacent to seta la and puncture Z appro.ximate to Ib. 
The other group of setae Ila, Ilb and lie are centrally placed. Tlic' po.sterinr 
seta P is inconspicuous lying on the posterior periphery of tlie shield. 

Sub-spiracuiar tubercle is formed by the fusion of the tubercles J V and 
each having one seta. VI is bisetose, VII multisetose forming the base of the 
leg, VIII is unisetose and lies beyond the leg on the ventral sm-faee. 'I'in 
segment is devoid of III tubercle. 

Meso-and meta-thorax resemble each other in their amiiigcment of tiie 
set© and punctures. Central dorsal tubercle CD'l’ is bigger on ( he former than 
on the latter and corresponds wdth the prothoraeic .shield ol'fiic fir'll- (lioraeie 
segment. The two are devoid of set© but possess brown pigmcnl .spots. 

la and Ib of prothoracic shield form a .separate tulierele lying anter io- 
lateral of ODT, similar^ set© Ila and 11b lie on a separate fuberele. HI 
is unisetose, IV, V, VI, VII and VIII as on prothorux. Koinetimes a .small 
tubercle Va is present. When present it is often repeated on first four abdo- 
minal segments. Extra set© Ixa, Ixb and Ixc lie in front of tho kig on 
the ventral surface. The small tubercle Xa with a singio seta lies on tho 
anterior border in front of tubercle la and lib. Bisetose tubiuvle Xcd is pe- 
culiar to these two segments and is not repeated on any other. 

Thoracic leg . — ^Base is formed by VII tubercle -with flirc'c prominent 
set© in front, one behind and three facing the mid-ventral line. Leg ha.s 
four segments. Finst has two set© and two punctures second has a se( of 
five to six spines, third has one dorsal and one ventral .sctic while thc' fourth 
ends in a hooked claw. 

Abdomen . — The tubercles la and lb, Ila and lib have become unisetose 
and lie one behind the other. Thus the four unisetose tubercles of the tw'o 
sides lie in a trapezoid formation and are known as trapezoid tubercles. 
The bases of the set© of the trapezoid tubercles lie at an angle of 60”. Anterior 
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trapezoid tubercles Rre spherical while the posterior ones are oval in outline. 
Two to, three pigment, spots are present anterior to seta I which is bigger than 
the seta, II of the post- trapezoids. ,■ This trapezoidal arrangement is constant 
up to seventh abdominal segment. Often central dorsal tubercle CDT in- 
between the posterior trapezoid fuses with the latter on both sides. Ill is 
iinisetose and supra-spiraciilar in position with a minute seta Ilia in proxi- 
mity. Ill the segments following the first abdominal segment it gets separated 
from III and lies anterior to spiracle but fuses with III tubercle again on the 
eighth abdominal segment. IV and V are sub-spiracular and persist up to 
ninth abdominal segment. VI is iinisetose throughout. VII is trisetose 
from first to sixth abdominal segments forming the leg plate on third, fourth, 
fifth and sixth abdominal segments, bisetose on seventh and unisetose after- 
wards. The only change that happens on the eighth abdominal segment 
is the fusion of the trapezoid tubercles. Tubercle I disappears on the ninth 
abdominal segment. Ill, IV and V fuse to form a bisetose tubercle. Tenth 
abdominal segment has an anal plate with four long setse in each half. 
Pigment spots are present. Base of the clasper has eight setas and one 
puncture. Ventral tubercle VIII is constant throughout. 

Pseudo-leg , — It is a fleshy conical and retractile projection with round 
and flat apex directed towards the posterior. The sole is provided with a series 
of hooks called crochets. The hooks number about forty in adult caterpillars 
and are biordinal in arrangement. The spines ai^e embedded in such a way 
that both the ends are free. They lie in a horse-shoe formation and open 
towards the exterior. The claspers on tenth abdominal segment are provided 
with crochets arranged in a semi-lunar curve. 

The EGG 

The eggs are oval, dorso-ventrally flattened and are laid in clusters in three 
to five overlapping rows. Freshly laid eggs are transparent but become creamy 
white a few hours after deposition. An individual egg measures from 0*7 to 
0 • 9 mm . in length and 0 • 65 mm. in breadth. All the eggs in an egg mass are 
of the same size and shape. The longitudinal axis is aWays parallel with the 
mid-rib of the leaf. They are firmly glued onto the surface of the leaf. The 
chorion is transparent, colourless and under a microscope reveals a beau- 
tiful ornamentation in the form of an irregular net- work of depressed lines. 
The empty egg-shells are white and more conspicuous and remain attached 
to the leaf till beaten away by weather. 

The eggs are laid in clusters on the under-surface of the green leaf. They 
have never been seen on dried leaves. The egg-laying takes place at night. A 
single female laid 366 eggs in one night in eleven egg masses with sixteen to 
sixty-five eggs in each cluster. The oviposition was again resumed on the night 
foUowing with five clusters having a total of 123 eggs. The number of eggs 
in the body is innumerable and dissection of females after egg-laying shows 
that all the eggs are not laid. 

Unfertilized eggs are laid singly in scattered groups of two to three 
devoid of any symmetry. They quickly shrivel up. An unfertilised egg 
mass is seldom found in the field. 

Development . — ^The originally homogeneous contents of the egg exhibit three 
well-defined hands twelve hours after oviposition. The developing larva lies in 



796 the INDIAN JOUBNAL OE AOKfOUt/rUKAL SCIENCE [X 

the centre in ti horse-shoe formation. Tlie (lisiniegration of yolk into 

small globules can be observed on the second day. 

Two eye-spots and brown patches of future mandibles along with body 
segments appear on the third day. On the fourth day the iioad and prothora.x 
become clear as dark bands, and tubercdcs with inmnie spines can 
Feeding on yolk can be marked by the movemcni of yo\k strings towards t e 
mouth where they are tom by the mandibhw. llaiching takes plac<‘ on tin 
fourth to sixth morning at sunrise or at little after. Majority ot the l.u\ .e in 
the egg mass hatch out together. A few may lake another twenty-four houi 

in hatching. 


XjTU*E!“B[ISTOTIY 

Copulation generally occurs at night. A pair remained in copulation for 
21 hours in the laboratory. Eggs are laid a few hours after copulation. In- 
nubation lasts from four to six days. Hatching alway^s occurs at sunrise or a 
little later Freshly hatched larvie measure about 1 -o nun. wuth black head 
and prothorax. Body on hatching is dirty grey with faint impression of .st ripes. 
The abdominal trapezoid tubercles are present m the form of black dots. 

Larvse are quick and agile with very active spinning glands. They swing 
in the air by the silken threads and get dispersed to surrounding plants by the 
help of wind They are quick in crawling from plant to plant or to the axils of 
leaves on the same' plant. Those which come in contact with central whorh of 
b leaves eat their way in and create dead heart. Later m the season when 
cane has formed they enter by making pin-holes anywhere in the intcrnodes. 
In western United Province the young larvie behave as leaf-miners lor a few 

before penetrating into the plant stalk. 

Second insiar lanm.—'hB.tvaX details get completed. Mid-dorsal stripe 
becomes continuous and prominent. Pro-legs assume their normal sliape aii( 
crochets take the horse-shoe formation. Black pigment spots on tulerclcs ate 
absent at this stage. They appear in the. fourth mstar. L im larvm get pia feef 1> 

matured ill the fiiftb iiistar. 

Eedms.—Whew the time of nionltiug draws near, ilie caterpillar become.^ 
motionless and stops feeding. Tiie colour of the hoail and tbejirothoracic shield 
becomes black. The skin between the licad and proflionu-ic region gets sire- 
tched and ultimately ruptures. .By gradual contractions oi the body this outer 
coat of skin is pushed back till it is oast off. The l.ead capsule which is now an 
outer coat of the head is dashed against tlie surface, and is grailually discarded 

by the help of the anterior pair of appendages. ^ , u 

Each moult takes about forty-five to sixty minutes. In the final moult 
the larva changes into a pupa. During the final moult, the head capsule is 
not cast off separately from the skin but the cajisule ruptures along the 

epicranial suture and is discarded posteriorly along with the skin. _ ^ 

Five moults are common before the caterpillar actualjy pupates in the 

active season. The number of moults increases to seven or eight in hibernating 

larv98» 

' 'The larva of iMtma mmMraliB east BkiIl»i:ll:ld.ara^ca;EH 

has been observed by Halloway and Loftin [1919], I have iiot^ 
this phenomenon in the ease of any of the 8ugarcane**bor0r 
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Growth, — All tlie larvae hatched from the same egg mass do not grow 
equally. The growth depends to some extent on the nature of food they come 
across. The larva3 fed on soft tissues grow more quickly than their fellows 
feeding on hard material Tlie larval existence is roundly of sixteen to 
twenty-one days’ duration. Some larvae take as many as thirty days to pupate. 

In case the plant succumbs to injuries and dries up, the larv^, if not old 
onoiighj migrate to neighbouring plants and if full grown resort to pupation. 

Pupal period , — This period considerably varies between the over-wintering 
larv 50 and the larvae of the active season. In February the period lasts from ten 
to twelve days, but in summer it is short and pupation is over within six to 
eight days, the average for the active season being a week. The progress of 
various pupal changes is as follows : — 

1st day. — Body yellowish brown, stripes dirty-violet, rims of spiracles 
brown and projected, pro-legs atrophy rudiments of wings and 
appendages, two dark eye-spots and sexual markings are dis- 
cernible. 

2nd day. — ^Yellow colour deepens, venation is marked out, eye-spots 
turn into dark patches. 

3rd day. — Compound eyes are differentiated. 

5th day. — Pupa dark brown, eyes greenish grey, wing scales differentiat- 
ed into ])lack and white, gliding and rolling movement of posterior 
abdominal segments persists. 

6th day. — Pupa deep dark brown, no sign of life exhibited. 

7th day. — Emergence of chrysalis. 

Emergence of adults^—Thm always occurs in the early hours of the morning 
generally before sunrise. Anterior extremity of pupa breaks to give exit 
to the moth. The first rupture is the transverse slit along the posterior border 
of the front. This piece breaks and hangs down. The second rupture is along the 
length of thorax in mid-dorsal region. The third slit is lateral and runs along the 
whole length of antennal suture of each side. During emergence the posterior 
pairs of legs are the first to be dragged out along with the thorax. In doing so 
first pair automatically comes out and is followed by the second pair of legs and 
wings. The latter are short and unexpanded. The body is held on first pair 
of appendages. After about twenty minutes the wings expand to cover the 
body and it is then that the 3rd pair of legs is brought to the^ ground. 

Summary of life-cycle 

The total period taken from egg-laying to the adult stage in laboratory 
cages is thirty days in September, viz. egg four to five days, larva twenty- 
one days and pupa seven days. The period of different instars of thelarvge 
hatched from the same egg mass is shown in Fig. 2. Twenty -seven days is the 
shortest period which an individual Mfe-cycle takes from egg-laying to the 
emergence of adult. 

Seasonal history ■. , ' ■ 

Over -wintering larvsc are stimulated to activity by the last week of February 
when majority of them pupate. Emergence of moths begins by the beginning 
of March and continues for the whole of March and egg-laying continues tiU 
the middle of April. The adults of the second generation lay their eggs by the 
middle of May and moths continue to emerge till the end of June. The third 
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Fig. 2. Relative incubation period, duration of tlie lai-val stap-s and the pitiwl i*'ri«l 
of 12 Argyrixt stieticraspia ail hatched from the name egK mjw« in H> p! ember 1930 
[ . . . . Egg-laying Hatching ; - - - InatarK ; 3tj=-s Pnpitt ion ; 

Emergence of chryaalis] 

generation continues up to the middle of August and fourth iiiiiKhcB i>y tiie enti 
of September. Egg-laying of fifth generation commencoK by tlie beginning of 
October and the larvae hatched from these eggs hiJteniate. TIiuk there are five 
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to six generations in the year depending upon the early begimiing of warm 
weather during spring and late closing of autumn for winter. This seasonal 
behaviour of the pest is true for both North Bihar and Western United Pro- 
vinces.'' 

{2) Diatraea auriciliaDAgn* 

Aduet" 

Dudgeon [1905] described the adult from Pusa in the following words 
'Antennse of male flattened by coalescing lamellae separated distinctly. 
Males — Brown ochreous, irrorated with fuscous ; a raised metallic spot 
in the cell, another at the origin of vein 4 and 5, one above and 
one below vein 2. A few golden scales in and beyond the cell, a 
post-medial row of black dots incurved towards the costa wdth 
golden scales upon them, a marginal row^ of black dots. Cilia 
golden. Hind wing browmish white, cilia silvery. 

Females — Big, antennge simple, ground colour pale, ochreous witli metal- 
lic spots smaller ‘ 

The general colouration of the moth in my collection agrees with the des- 
cription reproduced above. The maxillary and labial palpi ochreous but 
suffused with dark brown. Abdomen ochreous suffused with brown at the 
sides and beneath. Tibise of first thoracic appendage ochreous but irrorated 
with dark. There is a medial row of rufous lying at the distal border of the 
cell Five metallic spots wdth golden scales in a regular curve over the rufous 
band. The raised metallic spot, as described by Dudgeon, lies at the apex of 
the cell at the origin of vein 6 , i.e. Mj. Another spot along the rufous curve 
at the origin of Rg, Bg, B 4 and Rg. Ventrally the fore-wing is ochreous 
suffused with grey. Hind wing from ochreous to dark grey. 

Antennai in females are filiform with alternating grey and ochreous scales. 
Medial and sub-marginal rufous bands are imperceptible. Metallic spots 
arranged as in males. 

On account of the golden lustre of the metallic spots and those of marginal 
cilia aicriaZm Ddgn. is commonly known as ^Gold-frmged moth of 

India.’ Females possess wing expanse from 22 to 30 mm. w^'hile in males it is 
from 16 to 25 mm. 

Head . — Front is conical and protruded beyond the eyes in males, rounded 
in females. This feature distinguishes it from Chilo zonellus because in the 
latter the front is conical and protruded in both males and females. 

Wing-venation {Plate XXXVP fig* 2-a). Fore-wing.— Vein Sc. arises free 
but fuses with R^^ in front of the cell. Distally the two diverge again into 
Sc. and Rj. The stalk of Rg and Rj is equal to the branch R^ but bigger 
than R 3 . « The veins Rg + R 4 , R 5 and arise at equal distance from each 
other at the apex of the cell. 

Hind wing (Plate XXXVI, fig. 2-b).— Sc. and R^ arise free but immedi- 
ately fuse to form a common vein Be. pHs Rj, which fuses with Rs near the 
angle of the cell. After running for a distance they diverge into Sc. plus B,^ and 
Rs, Mj arises from Rs before it coalesces with Sc+R^ but it originates 
beyond the upper angle of the cell. PTV is faint but the angle is that of 90® . 

and Mg arise together in a short stalk from the low^er angle of the cell 
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Female genitalia : Internal.— Accessory glands a little less dcvelefti-d 
while other structures resemble those of Arggna sticfieraspi.'f 

External. — Ovipositer and collar as in Arggiia fttietirreiNpi/i. Ucnilal 
opening surrounded by chitinous folds, (jhitinons phile ahwiif. bniMi 
copulatrix and ductus bursse simple ; signum absent. 

Male genitalia •. IntQvn&l. — Testes dorso-veni rally flidiencd in ihe fmoi 
of a disc. Vasa deferentia are closely appro ximatcrl at origin, dilnicd aft ci - 
wards to form vesieula seminalis. The two iubcs fuse i<i fonn a single i i-n- 
volutcd tube the ejaculatory duct to open at the adeagus. 'rh<» aeecssoia' glands 
in the form of thin tubes communicating with ve.sicida seminalis. 

'Extevnal (Plate XXXVn, figs. 3 a'wd 4).— Vinculum triangular, grooved 
and drawn out posteriorly. Anellus an incomplete ring, its lobes extimding 
forward. Adeagus straight and pointed posteriorly. Penis arrow shaped. 
Cornntii present at the neck of the arrow. Harfres as in Arggria slirtirranitl.c 
but hinged with vinculum. Tegumen short and triangular. Uncus uith 
pointed apex, devoid of hook. Socii in the form of small sclerites, one on 
each side lying between gnathos and unems. 


Disposal of different structures resembles Argyria sticiicraspis. It difl'ers 
from the latter in its cranial region which is neither rough nor raised u]). 
A transverse ridge is present above the eye and is protruded like shori horns. 
There is an incomplete circle of distinct spines on the seventh ahdommal 
segment extending beyond the spiracles. The posterior extremity is divi- 
sible into dorsal and ventral halves, each possessingtwo pointed projections. 

Labva 

The caterpillar very closely resembles that of Argyria /^ficlicnti^pk in 
the general make-up of the body, the stripes, the tubercles and the STiiracles 
(Pig. 3). It was for this reason that Argyria sticticraspis wn.s sf) Ion:.'’ con- 
fused with Diatraea auricilia ; the points of differentiation being the rim 
of the spiracle of Diatraea auricilia instead of being jet-black is greyjn colour. 
The wall in front of the internal filaments is studded with miiinir' pii]»i!!ae 
of different sizes gradually getting bigger towards the interior. Tliere is no 
stage in larval existence when the tubercles become colourh'ss. d'iic fully 
mature larvae are comparatively bigger in .size and measure from ‘2r> to tlh 
mm. in length and about 4 mm. in breadth. 

Larval details and chnetotnry 

Number of sclerites, setae and pnTieture.s are the same as in the larva 
of Argyria sticticraspis. The head setae A|, A,, and A;, are almost in a right, 
angle, resembling the arrangement met with in Dmtram Seta A, is 

more anteriorly removed from Aj and puncture Aa is inoi-e approxininted 
to As than in Argyria sticticraspis. P, far behind Adf, while seta P„ arid 
puncture Pa far behind Adfg. The distance between frontal set.'i pj and 
Adfj is less than the distance between Adfj and Adff. Pb not in a level u-ith 
Pi but posteriorly removed and approximated to L,. Ti < frontal punc- 
tures Pa considerably separated from each other 
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Fig. 3. Side and dorsal view of Diatraea auriciUa Bdgii. 

Labram has median setae M^, Mg and arranged more or less in a right 
angle and therefore Mg is not posterior to bnt at the same level. Puncture 
Ma lies behind and is approximated to Mi than to as in the case of 
Argyria sticticraspis. Only two sensory papillae of epipharyngeal shield are 
present in the region below and in-between Mj and M 2 . Lateral seta La. 
lies at a higher level than Mg. The epipharyngeal cones Et lie between Lai 
and Mg instead of lying between Lag and Mg of Argyria sticticraspis. 

Mouth-parts, — Mandibles with second tooth pointed and prominent. Cardo 
is reduced and extends over sub-mentum which extends a little beyond cardo 
and does not fuse with its fellow of the opposite side. 

On prothoracic shield the puncture X has shifted behind Y. 
XY are far removed from seta la than in Argyria sticticraspis. Puncture Z 
midway between la and Ib instead of being near Ib. Va does not occur at 
any stage of larval life. Rest of the setae and tubercles are similar in distri- 
bution as in Argyria sticticraspis. 

Abdomen. — Tubercles and setae resemble those Argyria sticticraspis 
with the difference that trapezoid tubercles are big and make an angle of 90®. 
No central dorsal tubercles are developed. Xb makes its appearance on eighth 
abdominal segment and lies ventral to Xa. Ilia always keeps its individual 
identity and does not come in the sphere of III tubercle. 

Crochets follow the same biordinal arrangement as in Argyria 
sticticraspis, hut the circle is complete though the size gradually decreases 
towards the exterior. 

Egg 

Freshly laid eggs of Diatraea auriciUa resemble the eggs of Argyria sticti- 
craspis in size, shape, colour and in general arrangement. 

Life-histoky 

Copulation, oviposition and hatching resembles Argyria sticticraspis. 
Freshly hatched larvae measure about 1 mm. in length. The head is black 
and dorso-ventrally flattened. Prothoracic shield is of a dirty white colour 
like the rest of the body. The larvae possess only four stripes. The dorsal 
stripe being absent. Tubercles are grey and spines are black in colour. The 
larvae avoid light and take shelter on the under-surface of the leaves. The 
larvae are active and fragile and great devourers of green leaf tissues, 
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.Second instar larvae.— Mmt moult generally oceurn on the third dii} after 
hatehing but in some cases it occurs afterlve to nine days depending upon the 
food available/. The dorsal stripe appears after the first moult. Body Is 
semi-transparent, and alimentary; .canal can be seen lying ^within. (Crochets 
are in a semi- circle with a fewer number of spines tlian found in a mature 
caterpillar. The process of moulting reseniblos sliciicras'jns fuid mAi 

moult takovs from thirty to forty-five mimxtes. There are five moults ladorct 
the larva reaches maturity. The duration of various instars (tepends oji l!ie 
nature of food available. 

The larval period varies considerably in dillcrent larvae hatched iVom 
the same egg mass. Soma pupate after thirty days of larval life while others 
may take thirty-five to forty days and even more. It has been observe<! 
that larvae reared on shoots failed to pupate. They would always leave th(‘ 
shoot and pupate outside. It appears that mature larvae are im-apable (d‘ 
making exit holes by boring through several layers of leaves. Tins explains 
why biatraeji auridlia does not occur in young plants and is only fond of 
grown-up canes. The internodes harbouring this borer fail to grow t.o a normal 
me.: 

Pupal period . — The pupal period lasts from eight to ten <iays. The 
progress of pupation is as follows : — 

1st day. — Head region brown while body yellowish white, spiracles 
projected, stripes present. 

2iid day.— Abdomen jxale yellow, stripes persisting, 
nth day.— General colour yellowish brenvn, eyes reddish brown aiu! 
frontal horns^ 

8th day.— Pupa deep dark brown, no rolling movement of the |K)sterior 
end. 

10th day.— Emergence of the adult. 

Summary of the life-cyde 


Emergence of the- imago completes the life-cycle. The iiKUil)ati<ui period 
takes five days, -larva thirty-five to forty days and |)U|)a eight to ten days, 
the. whole cycle CO veidng a total period of forty-five days in tfm ia I Hirntory 
during March and April. 

Seasonal history 

Over-winteidng laiwae are stimulated to activity fiy the ix^gimring of 
Februaiy and emergence of moths takes place hy t!K‘ middle f>f .F(*bruayv am! 
continues up to the end of March. The eggs of tlie first brood were freelv 
laid in the laboratory cages but they were not found on t he afterrmith or ra.to<uK 
Moths of second brood came out in laboratory cages l>y the beginning of April,, 
while some larvae emerged as late as the mid, ofAfiril The second brood 
occurred during April and May. During this pe!*iod not a< single plant xvas 
found harbouring Diatraea auriciUa larva either on the Hpnmts of the stubble 
on the plant cane. With the breaking of monsoon arnl sowing of paddy, 
Diatrae aurmlia larvae were found infesting paddy in dune and July and 
sugarcane in September when the rains were over. Its infestation in grown- 
up canes was at its maximum in October and November. It appears that 
there are five generations in the year. How the first two generations are 

spite of a thorough search 
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of the graminacious crops growing in the vicinity of Pusa. It has not 
been recorded so far from the western districts of the United Provinces. 

Diatraea venosata (Wte) 

Adult 

The wing expanse in females is 30 to 35 mm. and in males about 25 to 
30 mm. Zehntner’s [1898] account of Diatraea striatalis Snellen of Java 
closely applies to that of Diatraea venosata Wlk. in the length of labial palpi 
which are as long as the head and thorax, suffused with dark in males and 
ochraceous in females. Antennae are similar and so is the general colouration 
of the wings. Apex of fore-wing is drawm out to a fine point. In males the 
posterior border of fore-wing is sloping. The cell area is imperceptibly form- 
ed and the black spot of scales lies at the basal angle of the cell. Marginal 
spots are inconspicuous in males but prominent in females. The only differ- 
ence being that there is a greater wing expanse in the females of Diatraea 
striatalis whicli varies from 36 to 38 mm. It may be due to climatic varia- 
tions. These features leave very little doubt that the Wo are not identical. 

Head. — Front rounded and protruded in males, fiat in females. Antennae 
flat and lamellate in males. The segments are wider than long and serra- 
tion is deep. The ocelli are absent altogether. Labrum straight wdth pili- 
fers Avelbdeveloped. Labial palpi long and pointed. 

Wing venation: Fore-wing (Plate XXXVI, Fig. 3a and b). — The fusion 
of Sc and is more pronounced. The two diverge just near the margin 
into Scand R'j . K2 approximated to the stalk of R- and R4 and coalesced, 
with the latter in females. Branch bigger than the stalk \vhile R^ smaller. 
Mg and My arise togetlier but not stalked. R4 to A^ the veins are equidistant 
at the margin. 

Hind-wing. — Sc + R, and Rs similarly disposed as in Diatraea auri- 
eilia. M| arises from Rs just wdien the latter is to fuse with So R^, beyond 
the cell. Angle PTV less than 90". Mo and Mg are stalked for a distance. 
The stalk being smaller than either or Mg. Ciq curved near the angle 
of the cell. Cuia removed from the angle while Cuib arises a little beyond 
the cell. 

Female genitaMa : Internal.—The various structures arc disposed on a 
plan v’^ery much resembling those of. Argyria sticMcraspis. 

External. — Single stylet supports the collar of ninth segment. Genital 
oj>ening without any chitinous plate but surrounded by chitinous folds which 
extend within to a circular girdle from where the ductus bursae is continued 
to bursa copulatrix. The ductus bursae is short but has several chitinised 
longitudinal folds below- the girdle. Bursa copulatrix is dilated and signum 
is absent. 

Male genitalia : Internal. — Similar to Argyria sticticraspis. 

External (Plate XXXVII5 figs. 5 and 6). — Vinculum slender, rounded and 
flat drawn out to a fine point posteriorly. Anellus plate extending as an arm 
from vinculum to support the adeagus tube. Juxta membraneous and closely 
applied to adeagus wdiich is tubular and bears spines; penis large and pro- 
minent provided with several row^s of spines. Harpes bluntly triangular and 
reduced. Tegumen, gnathos and uncus chaelate. 
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PUFA- .. 

The fronto-clypeariB'fiat with two BpiiieK, A nori of miigliiiehs ^w}iN‘!i 
neither resembles ridges of sHcticrmpis nor the spiiies of 

auricilia is present on ..fifth,. sixth and seventh ahcioininal 11 is 

bounded by a streak posteriorly which appears white in relbcdinl light ch* 
when viewed from behind. These streaks persist as w'hite lines afler llie 
emergence of moths. '.Two -short' and thick spines are present in liiefkmsnl 
half of the anal segment, directed upward and backward. 

Labva ■ ' 

The caterpillars are comparatively larger in size than other borer lar\ae 
and measure from 25 to 30 mm. in length anclare about 4-5 to 5 mm. in thick- 
ness. Stripes are four, violet in colour, dorsal stripe being absent (Fig 4.). 
The stripes of the two sides do not run with each other on the eighth 
abdominal segment. The tubercles are very big and are jet blacdc in (‘olour. 
Anterior trapezoid tubercles are round while the posterior ones are oval, 
the two lie at an angle of 35^. Ventral tubercles are grey instead of Idack. 
The tubercles lose their colour by the middle of October when hibernation 
commences. At this stage the caterpillar resembles the larva, of Uhilo zomdhe 
in the colouration of the stripes. The two can be easily recognised from 
each other by the grey oolour of the tubercles in the larvae of Chilo zondlus. 


■' Fig. 4.' Side and dorsal viow of Diatrma WIk. 

Spiracles and supra-spiracular tubercles lie on the lateral slri|H.‘s, the 
former being latero-posterior of the latter instead of being rlirc^ctly bcFiw i Im 
tubercles, as in Argyria scicticraspis or Diatrm auricUia hirvue. The snirarfe- 
areroundedthanovalandlieon tracheal vessel which can })e easily S4?c‘n tfirongh 
the transparent chitin. ^The;r.im of-the spiracle is Jet black with grey space 
inside. The disposition of the filaments and papillae resembles Duifram 
auricilia. 

Larval details and chaeiotaxy 

Head. — Puncture Adfa lies ahead the jmtetion of adfroniai suturr willi 
the longitudinal ridge. Adfi mure posteriorly rejuovefl. The* f|i?;tanre bc| * 
ween atid Adfx is less than the distance between Adf| and AdF. l\. lies 
beyond tlie level of Adf^ as in Diatraea auricUia but not on the sjirrie leve! as 
in Argyria strkticraspia. Puncture is eciuiclistant froin P^ and and 
ail the three lie in a line. Fa almost in a level with Adfj. Punctures 
Aa and setae A^ and Ag in a line and equidistant from eacli other. A|, A* 
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and ± 3 lie ill an angle greater than a right angle. The puncture La approxi- 
mated to &eta Li unlike that oi Argyria sticticrcispis, Uitra-posterior setae 
and puncture (x) big and prominent. 

Mouth-parts. — ^Labrum closely resembles that of JJiatram a-uricilia, 
tlie ditterentiation being the shuffling of the setae of the median group to- 
wards the notch. The puncture Ma lies behind and and is equidistant 
Irom both. There is another punctui’e Mb posterior to Ma. The epipharyn- 
geal papillae EP are approximated together and lie one on each side of the 
seta Mjj. 

Mandibles possess six prominent teeth which are projected and conical 
and clearly indicate that the larvae are great devourers of cane tissues. 

Labium, maxillae and mentum built on the same plan as in Argyria 
sticticraspis QT Diatraea auricilia, Cardo is heavily chitinised and has no 
glove-shaped projection. Its internal outline is convex and hangs over the 
sub-mental sclerites. The^latter arise from the region of stripes and run up to 
the base of cardo. 

The number of setae and punctures on pro thoracic shield similar 
to Argyria sticticraspis. Puncture X and Y behind one another as in Dia- 
traea auriciliOr* Punctui*e Z nearer to seta lb. Shield is black at border 
and greyish brown pigment spots are absent. A prominent mid-dorsal fissure 
present. Seta IXa and IXb lie on a common tubercle and IXc fuses with 
its fellow of the opposite side to form a bisetose ventral tubercle in front 
of the leg. On meso and meta-thorax IXa, IXb and IXc are present as in 
Diatraea aUriciUa snid Argyria sticticraspis and Va resembles the latter. 
Central dorsal tubercle is single on meso-thorax but it is divided into two 
on meta-tliorax, one on each side of the mid-dorsal line. 

Abdomen.— tubercles make an angle greater than 90*^. Central 
dorsal tubercles are not present. Va is not repeated on any abdominal seg- 
ments. Ilia always remains separate. 

Lxfe-histoby 

Eggs are laid as described for Argyria sticticraspis. Incubation period- 
takes from five to six days, larval existence continues from twenty-one to 
thirty days and pupation lasts from ten to twelve days during the active 
season. The larvae shrink in size at the approach of pupation and the tuber- 
cles lose their coioui'. The larva, spins a semi-transparent silken nest before 
pupation and lies quiscent in the nest during the pupal change. Over-win- 
tering larvae take about fifteen days in pupal stage. The total period taken 
by one hfe-cycle varies from six to seven weeks. 

Seasonal histoby 

It attacks sugarcane in North Bihar during the monsoon months of 
July, August and September when cane is actually formed. It does not occur 
in young shoots. Its ravages are localised. It may occur abundantly in 
one field while it may be altogether absent half a mile away. The borer is 
at its maximum activity in September. Its intensity of attack goes down 
in October when hibernation begins. Some of Diatraea venosata larvae 
begin to hibernate from the middle of September and emerge in the following 
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Iiilaboratoty cage. brvM hiberaateJ f.™., the ci,,!, of WW 

and^..ei-gecl«.motl»oothe <Jth of Match IMl. ti.c lay : c 

absent from sugarcane they abound freely lu hmr.huruiii Jiwinn (Ikn)aiii 
HaoeMrmn sponiamum (Batri). This borer has reoenlly l,e<m n'f..r<U-<l h-m 
Dohra Dun and its life and seasonal histories ai-e Ixnng w.jrk(.‘<l -fut. 

Chillo zonellus (Swinboe) 

Adult . 

Winx expanse of females varies from 25 to 30 mm. wliilo tlioso ol mnics 
measure from 20 to 25 mm. only. The colom-ation nt ma ( s ditlcMS Irom i h.' 
account given by Hampson [1896] of Ohilo stmphx Boiler, lim co.-1a! 
area of fore-wing is not darkish but brown. I’ho daik sp(‘cks aiT im.if m 
number than what has been indicated by Dampson. It reseiidoo,-^ (.rambn.-^ 
zomlltis Bwinli. [1884], in its brown shadowy band running trom apex 
of the fore-wing to the centre but differs in the colour of abdoioen winch is 
oehraceous instead of whitish. The last joint of laiiial palpi is nevm- long 

but it is the shortesjt. • i 

Head. — ^^Front is bulging and is drawn out ni tlie ionn oi a conical pro- 
jection. The cone is as much pronounced in males as in females. Aiitennae 
are flat and lamellate in males, filiform in females. Ocelli are prc.sent on hhudv 
tubular projections just adjacent to antennae. Idabial pal{)i three-panted 
and double the length of the head. The last joint is short and conical. ^ axi- 
llary palpi are oehraceous with last Joint massive, flat and cluh-siiaped. Lab- 
rum straight and pilifers present. 

Winy-vena, tion: Fore-wing (Plate XXXVI, fig. 4 m). - -.Apc-x of 
wum rectangulai' in males but acute and produced in Icinales. i -i * ‘ 

cription of veins resembles those of Argyria, dicHcmspis in lioih fore and f im.f 
wings. R, from the middle of the cell, approximated towai'ds H<' v lmdi i- 
free. R.> is approximated to the stallr of R;j -1- E>t ff ‘f®’ origin. J lie '*'< 1 ' 
is biager than its branch R.j but smaller in (•omimri.son fo R,. If.-, 'g".'-'!!! 

and from below the apex of the cell. PTV mirved and ibe angle nnuiflcrcn- 
fiated. All the veias are equidistant at the margin. 

Hmd-wing(PlateXXXVI,fig. 46).— Sc + R, and Hs a ri, sc free Imi an.. - 
tomosing in front of the cell. The fusion per.si.sts for abuul Uyu-inirds tin 
length of the wing when they diverge again into Sc + I’u ami 1!>. Mg an.sm 
from Rs within the area of the cell and, tlicrefore. P'l’V origniato Imin .\1, 
and make.s an angle of 90°. Mj and Mj are stalked. ( 'tpa from bclori' Inii neat 
the lower angle of the cell. The area of the cell is iliminished ami tfH-rclorc. 
the apex of tJie cell is very much drawn in towards the base. ( 'ro.ss-vcin l‘i 
in much reduced and TV is eight times the lengtii of PI’. 

Female genitalia: Internal.— -The various structures constituting th*‘ 
internal genitalia resemble those of Argyria Mictkrnspif. 

External. — Ovipositor similar and so also tlic Klylct.s attaiihed to if. 
Genital opening lies in the notch on the chitinous plate on the eighth abdominal 
segment. Ductus bursae is lightly chitinised at It.s origin and bursa copula 
is much trix is without a signum. 

Male genitalia: Internal. — Testes single, disc sha()ed. V'asa deferent ia 
prominent and well separated. They in their course narroxv ilnwn to swell up 
again into vesioulae seminalis. The two open into a triangular .sinus by a 
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very narrow tube. The lateral extremities adjacent to the junction of vesi- 
oulae seminalis are extended below and are approximated together to form 
the accessory glands which lie below in convoluted loops. The apex of the 
sinus is drawn out into a tube — the ejaculatory duct — which opens on the 
adeagus. 

External (Plate XXXVII, figs. 7 and 8). — ^Vinculum rounded and drawn 
out posteriorly, lateral walls thick and massive. Anellus triangular with huge 
lateral lobes arising from its dorsal margin. The distal extremity of the 
lobe resembles the fluke of an anchor, ventraHy the anellus possesses a calcar 
with a long, stout spur projecting to a considerable distance below the adeagus 
and studded with hairs and spines. Juxta is closely applied to adeagus 
dorsally and is semi-cylindrical in shape. Adeagus is a long single tube with 
a rounded sack at the entry of the ejaculatory duct. Penis is sabre-shaped 
and extends beyond the uncus, with cornutii present at its apex. Harpes 
with a heavily ohitinised basal lobe. Sacculus reduced and costa depres- 
sed. Transitilla absent as in others. Tegumen with lateral walls broad 
for a considerable distance. Uncus and gnathos form a chaela. 

Pupa 

In Chilo zonellus fronto-clypeal region is convex and bulges out towards 
the ventral side. Bases of wings have a semi-lunar comb-shaped prominence 
with a golden lustre. The pupa resembles much that of Diatraea auricilia 
in the nature of spines of fifth, sixth and seventh abdominal segments, the 
only point of differentiation being that in Ohih zonellus these spines do not 
extend beyond the spiracles on the seventh abdominal segments. 

Larva 

General 

The larva (Eig. 5) measures from 20 to 25 mm. and resembles the caterpillars 
of Diatraea auricilia andL of Argyria sticticraspis in general disposition of the 
body and its tubercles. But the stripes are four, dorsal stripe absent, where 
it resembles Diatraea venosata but the jet black tubercles of the latter do not 
occur (Fig. 5). The larvae show a sexual dimorphism in the disposition of grey 
tubercles and stripes, which is not hitherto marked in other striped cater- 
pillars. In one form, the trapezoid tubercles are big and prominent and all 
the four tubercles lie very close to each other. In such a case the two sub- 
dorsal stripes are less prominent and run on the borders of these tubercles 
and are well separated from each other as in fig. 5{a). The moths 
developing from such larvae are generally feniale. In the other form 
the trapezoid tubercles are of medium size, less prominent and are well 
separated from each other. The violet stripes are very prominent and run 
over the tubercles. These two sub-dorsaJs stripes run with each other 
anteriorly, posteriorly and in the middle of the trapezoid tubercles on each 
segment as in fig. 6(6). The developing moths from such larvae are mostly 
males. Sometimes it becomes difficult to decide whether the larvae will give 
rise to male or female moths. In such oases greater importance in sex de- 
termination should be placed on the size of tubercles than the stripes. 

Spiracles. — ^The jet black rim and the internal filaments guarding the 
stigmatal opening resemble those of Argyria sticticraspis but the space within 
is dark here. 
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Fig. 6. Side and dorsal view of OhUo zoneUua SwinL. 

]Mrv(d details avd chaetoiaxy 

Head. It is light brown in colour with dark brown mouth-parts. Set a Pj, 

lies at a level with Adfj as in Argyria sticticraspis and unlike that of Diatraea 
aurioilia and Diatraea venosata where it is considerably thrown back. Punc- 
ture Pa is approximated to P2 and consequently the distance between Pa 
and Pj is more than in any of the larvae described above. The distance bet- 
ween Adfi and Adfj is more than the distance between Adfj and adfrontal 
seta Fj. Punctures' Fa well separated. Aa, Ai and Ag close togethpr and 
in a straight line. The distance between A3 and Aa les.s tlian tlie distance 
in any of the larvae described in the preceding pages. Ultra-posterior seiae 
X surround the puncture posteriorly. 

Labrim.—M-s at a higher level than Lag, Mj, Mg and Mg pos.soss a punc- 
ture each. The puncture Mb of Mj^ lies in front of it towards the notch. 
Mo latero-posterior of Mg and Ma latero-posterior of Mj and behind Mj. Epi- 
pharyngeal sensory cones lie between the setae Mg and Lag. Sensory papillae 
are absent. Cardo glove-shaped and projected. Sub-mentum sclerites extend 
beyond the base of cardo. 

Thorax. — Pro-thoracic shield has usual number of setae. The puncture 
X is absent. Y near the seta la as observed on the prothoracie shield of 
Argyria sticticraspis and Diatraea venosata. Z is approached to Il>. IXa and 
IXb correspond with IXab of Diatraea venosata with the only difi’erence 
that they lie on separate tubercles. On meso- and meta-thorax the tubercle 
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Usual number of setae and tubercles are present with Va 
repeated prominently on first to seventh abdominal segments. It is charac- 
teristic of GMlo zonellus but does not occur on eighth, ninth and tenth abdomi- 
nal segments. Trapezoid tubercles from second to eighth abdominal segments 
possess two to four deep brown pigment spots in front of the setae. These 
spots never occur on the anterior trapezoid tubercles of the first abdominal 
segment.^ Pre-spiracular tubercle Ilia is joined to III on the first abdominal 
segment in cases where the stripes are running together but it is free in others. 

Pro-legs . — Crochets are arranged in a circle decreasing in size towards 
the exterior. The spines are arranged in triordinal series, smallest lying 
between the medium and biggest. 

Life-history 

Copulation and oviposition resemble Argyria sticticraspis. Hatching 
occurs in the early hours before sunrise. There have been cases when hatch- 
ing has been noted about 10 a.m. and 4 p.m. The larvae after coming out 
from the egg measure from 2 to 2*5 mm. in length about 0*25 to 0-3 mm. 
in breadth. Head and prothorax is dark brown while the rest of the body 
is translucent, dirty white in colour. Tubercles are violet instead of grey 
or brown as has been noted in Argyria sticticraspis Sbud Biatraea amicilia. 
Stripes are absent and pro-legs are peg-Hke with two to three crochets. 

Larvae are fond of maize leaves and are attracted by light at this stage. 
It was observed in the laboratory that all the larvae collected on the side of 
the jar which was facing the window. When this lighted side of the jar was 
turned away from the window the larvae again collected on that side which 
was then facing the window. If the jar is inverted the larvae immediately 
take an about-turn and crawl upward. One of their peculiar habits is of 
coTecting together. These habits explain the crowding of these larvae on 
the tassel of the maize plants which generally harbour as many as fifty larvae. 
The sexual dimorphism in the larvae is evident after the first moult. 

Duration of the larvel pmod.— In active season it lasts from sixteen to 
twenty-four days. They undergo the usual number of five instars covering a 
period from two to eleven days. It is seldom that one or two larvae prolong 
their larval life to as many as thirty days hatched from the same egg mass. 

Pupa stage , — ^The various colour changes from yellow to brown are un- 
dergone in the same way as has been described in the case of Argyria 
sticticraspis. The pupal period taken by males and females differs in different 
months. In the case of males it varies from four to seven days, while in 
females the time taken is from six to nine days. 

Duration of the life-cycle,— Thjo total period from egg-laying to the emer- 
gence of adult varies from twenty-six to thirty-five days in the active season 
in July, vix. egg four to six days, larva sixteen to twenty-four days, pupa five 
to seven days., : 

Seasonal history ' 

Seasonal history resembles that of Argyria sticticraspis. Over-wintesing 
larvae begin to emerge as moths by the end of March and continue to do so 
till the beginning of May . The borer remains active till the middle of Hovem- 
ber» Pepending upon the shortest period in life-cycle it can be presumed 
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that it has at least five broods. The period from the 19th of November 1929 
to the 25th of March 1930, was noted to be a time of absolute rest. Fbtfhor 
and Ghosh [1921] have observed its longest resting period extending from 
September to about July and August, This phenomenon is rare, lluring 
the period under study not a single larva took such a long time in cnmphrting 
one generation. 

CMh zondlus occurs in sugarcane in case the cane fichl.s are m 
the neighbourhood of those of paddy or maize. In July and August t'.Kht 
sugarcane was grown in the compound of pathological laboratory. On the 
other side of it rice and maize were growing in the pot-enlture house of the 
myoological section. It was the only instance when Ohih zondlus larvae 
oourred in sugarcane. They were infesting rice and maize abundantly. 

Second instar larvae were released on young sugarcane jdauts on the 
of July 1931. Many of these larvae failed to penetrate tin; internodes but 
bored the mid-rib of the leaf. The growth was very slow. The larvae enter- 
ing the central leaf-sheath could chew only a part and indicated ‘ dead heart ’ 
on the 14th of August, i.e. after a period of nineteen days. These young larvae 
did not live on the hard tissues of the cane leaves and ultimately died. Mature 
larvae of course thrive well on sugarcane whether young or old. Side by 
side the larvae were released on maize plants from 1| ft. to 2| ft. high on 
the same date as on sugarcane and of the same instar. The result was that 
dead heart was indicated on the 31st July in the youngest of the lot. While 
all these plants were brought to the ground on the 4th of August with the 
majority of leaves dead. The larval growth is more accelerated in maize than 
in sugarcane. It is probably the reason why CMlo zondlus larvae prefer 
young maize to old plants and this explains their infestation of the in- 
florescence when the maize plants are quite grown up. It is not a regulai’ 
pest of sugarcane as had been indicated by Stebbing [1903]. He vTites 

‘ Chilo simplex so far does not appear to he a bad pest in the sugarcane 
at Seeraha ; it occurs far less frequently there than the other 
two borers. But ifthe insect thrives and multiplies greatly hnnaize 
which is grown throughout the district during rainy season it will 
certainly spread to the sugarcane if the two crops are grown near 
to one another.’ 

Conclusions 

It would appear from the table of difference (Appendix) that the Bpecifio 
differences afforded by the structural details leave little doubt, that the insects 
described above belong to four different species and can be easily recognised 
from each other by the nature of the front, the ocelli, the labial palpi, the 
wing venation, and the genitalia of adults, characteristic markings of the 
pupae and the nature of stripes and tubercles of the caterpillais. 

The presence of ocelli, short labial palpi and the nature of the front 
bring Argyria sticticraspis much nearer to Diatraea auridUa, while the male 
internal genitalia of Diatraea venoaata resemble those of Argyria sticticraspis. 
This opens a field for the study of generic position of Argyria sticticraspis. 
Any taxonomist of this group will find this thesis of great use in hi.s further 
work. Besides, the information on anatomical details coupled with life-history 
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and seasonal incidence will help a good deal those who are trying to coiH” 
bat these pests and who meet them in their day-to-day work in the field of 
sugarcane entomology, 
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Adfrontal ridge. 
Longitudinal ridge 
Adfrontal sutures 
Setae of <;!j)isfcoma 
Frontal puncture 
Adfrontal seta 
Frontal seta 
Anterior setae 
Adfrontal puncture 
■.Posterior setae 
Posterior pxinctiire 
Lateral seta 
Lateral puncture 
Oceller setae ' 

Ocellar puncture 
Sub-oeeliar setae 
Genal seta ■ ■ 

'Genal puncture' ■■ 

.. Median setae . 

Lateral setae 
Median puncture 
Epipharyngeal setae 
Epiphyrangeal papillae 
Central dorsal tubercle 
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OHILOTByPETm BISSET (PYEALIDAE)— A KEW PESP 
OF SUGARCANE FROM THE PUNJAB 
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I). N. TANDON, L.Ag., B.Sn. (Agbi.) 
Punjab Agricultural Collie, Lyallpur 
(Received for publication on 29 November 1939) 


(With Plate XXXVIIT) 


Intbodfotion 


I N India sugarcane is damaged by several caterpillars of pyralid moths. 

M. Afzal Husain, Entomologist to Government, Punjab, Lyallpur studied 
the distribution of these borers in the Punjab in 1923 by examining 
sugarcane samples from all over the sugarcane-growing tracts of the province. 
A variety oi barani (rain-fed) sugarcane grown locaUy at Sialkot yielded a 
species of caterpillars which was different from the common species of sugar- 
cane borers. M. Afzal Husain gave this caterpillar the name of ‘ new pyralid 
borer ’. Moths were bred out and submitted to the Ipiperial Research Insti- 
tute, Pusa and British Museum, London, for identification. In spite of repeated 
submissions of fresh mateiial aimually, the pest remained unnamed till Octo- 
1938, when the senior author wrote to Sir Guy Marshall for its specific 
identification. This resulted in Mi- G. A, Bisset naming it a.s Ohilo irypetes 
sp. nov. (Pyralidae : Lepidoptera). 


Disteieftion 


Chilo trypetes Bisset has a restricted distribution in the Punjab and has 
far been recorded from the tehsils of Pathankot, Batala, and Gurdaspur 
(Gurdaspur district), and Mukerian (Hoshiarpur district). 


Food-plants 


The pest is monophagous and feeds only on sugarcane. It has neither 
found in other gramineous plants (cultivated or wild) in the fields, nor 
has it ever fed on such plants as guinae grass {Pannicum maximum), maize 
Mays), sarhanda {Saceharum sara) and a few wild grasses offered to it 
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DBSCBIPTIOir OB VAEIOXrs STAGES 

EggiPha^XXXVni,fig.l) 

Length 0- 65-0 *86 mm., breadth 0-42-0'63. Flattened and scale-like. 
Glistening white to pale cream when freshly laid, changing to dark grey before 
hatching. 

Caterpillar {Plate XXX VIII, fig. 2) 

A full-grown caterpillar measures 25-28 mm. in length and 2- 6-3- 0 mm. 
in breadth. Body cylindrical, sparingly clothed in short setae which arise 
from tubercles. Head light orange, rest of the body creamy white ornamented 
with four longitudinal reddish-brown stripes situated as follows ; One on each 
side along the spiracles and the other on either side of the dorsal vessel; 
the spiracular (or lateral) stripes being very prominent, particularly between 
the 1st and 9th abdominal segments. Crochets on prolegs are arranged in 
uniordinal uniserial circle. 

Pupa {Plate XXXVIII, figs. 3 and 3a) 

Length 14-19 mm., breadth 2 •3-3*0 mm. Body more or less smooth, 
creamy white when freshly formed, but later on changes to yellowish-brown. 
Thorax with a dorsal median longitudinal ridge. Abdominal spiracles oval 
slightly raised and deep brown in colour. Spiracular reddish-brown stripes 
faintly indicated. Last abdominal segment terminating in a prominent broad 
ridge, distal margin of which is armed with three small spines as indicated 
in Plate XXXVIII, fig. 3a. 

Adult {Plate XXXVIII, fig. 4) 

6. A. Bisset [1939] describes the moth as follows : 

Male.— 26-21 mm. Dorsal and lateral surfaces of the palpi, thorax, 
abdomen and the upper surface of the fore-wing with seven darkish spots 
between the veins. Under-surfaces lighter to white. Hind wings white. 
Labial palpi projecting forwards more than twice the length of the head ; 
second segment twice as long as third. Head with a conical prominence 
ending in a short point ; undersides of prominence flattened, the edge of the 
flat surface being slightly produced in front to a point directly beneath the 
other. Antennae serrate and finely ciliated. 

Female. — 29-32 mm. Similar to male but fewer dusky brown scales on 
the fore-wing and the antennae simple. 

Liee-histoby 

The moth forces its way out of its pupal cell through the protected exit 
hole made for the purpose by the caterpillar before pupation. The adults 
become active at night when they mate, copulation lasting ten to twenty- 
three minutes. 

* Sketches presented in Plate XXXVIH were made by M. D. Siddiqi, Artist, Ento- 
mological Section, Lyallpur, under the supervision of the senior author. 
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A female lays her eggs in clusters at night on the leaf-sheath near the 
unner nodal ring^ of the stem. They are arranged in rows and overlap each 
S llie the ecL. on a bird’s leg (Hate XXXVDI, flg. 1). Each eggK,Iurter 

contains three to sixty-five eggs. ^ /rr„vuT\ 

The number of eggs laid by a female vanes greatly (Table 1). 

Table I 

Oviposition record of Chilo tryp etes Smet at Ourdas pur 
Pairs sleeved I 


Humber 


■Total 
number 
of eggs 
laid 


31 July 
4 Aug. 

6 Aug. 

7 Aug. 

8 Aug. 


4 Aug. 
8 Aug. 
10 Aug. 
12 Aug. 
12 Aug. 


Thus a female is capable of laying 230 oggs in her life-time. 

The ejgs usually hatch in the morning. The egg-stage oecupies mne 

to eleven days (Table II). 

Table II 


Number 

^ '■/ 1 

' Eggs laid ■ ! 

Eggs hatched 

■ Duration 

of egg- 
stage 

— ■ 



Days 

'■'l' 

4 Aug. 

14 Aug. 

10 

2 

.6 Aug. 

15 Aug. 

10 

3 

9 Aug. 

19 Aug* 

10 

4 

13 Aug. 

2,2 Aug.' 

9 

5 

16 Aug. 

26 Aug. 

10 

(> 

19 Aug. 

30 Aug. 

11 

7 

20 Aug. 

30 Aug. 

10 
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The larval stage lasts for forty-eight to sixty-four days (Table III)., 

Table III 


Number 

Eggs hatched 1 

1 

■ [ 

Larvae pupated .j 

' 

Dura^tion' 
of larval 
, stage 

1 

3 July 

6 Sept. 

Days 

64 

, 

2 

14 July 

31 Aug. 

1 48 

3 

12 Aug. 

6 Oct. 

1 ' 54 

, 4 

14 Aug. 

6 Oct. 

1 52 


Trior to entering into puparion a luu-giuwu - 

pupal ceU in the burrow in which it was feeding. The cell is internally 1^®*^ 
with silken threads. It also provides the cell with an exit hole by euttmg 
out a small circular piece from the rind of sugarcane stem and covering the 
hole thus made by a silken web. Afterwards it transforms itself into a pupa 
Table IV gives the duration of the pupal stage. 


Table IV 


DuTdtion {in dciys) of pupctl stago of ChUo trypetes Bisset at Gurdaspiir 


Number , 

Larvae pupated 

Adults emerged 

Duration 
of pupal 
stage 




.Days , . 

1 

2 Aug. 

10 Aug. 

8 , 

2 ' 

4 Aug. 

17 Aug. 

13 

. 3 ' 

9 Aug. 

15 Aug. 

i'^./ 6 

4 

3 Aug. - 

12 Aug. 

i 


SbASOKAL HISTOBY 

The adults appear on the wing during June- July, deposit eggs and start 
the infestation. From July to October all stages of CUlo trypetes Bisset are 
met with in the fields, the pest completing one generation during this period. 
The moths of the second generation start emergence about September when 
they lay eggs and the caterpillars hatching out of these eggs^ descend to the 
basal portion of the cane in November where they remain till the following 
June, . ; . ; ■ • 





THE INDIAN JOURNAL OF AGEICULTUEAL SCIENCE 


Natueb and extent of damage 

Ohilo trypetes Bisset starts taking toll of the crop when the plants are 
fairly grown np and the internodes are well formed. 

The mode of entry of the caterpillars into the stem of sugarcane is quite^ 
peculiar. On hatching from the eggs they feed for a while on the buds situat- 
ed on the top first or second internode and then they bore into it (internode) 
from near the buds (Plate XXXVIII, fig. 5e). They feed on the tissue first 
below the rind boring their way upwards (from the point of entry) in a spiral 
manner (Plate XXXVIII, fig. 5s) ; externally this passage appears as a dark 
spiral streak, which on closer examination is found to be made up of a series 
of punctures (made by the caterpillars) lying side by side like the beads in a 
rosary. When about two-thirds of the internode is damaged in this manner, 
the caterpillars bore deeper into the softer tissue of the cane and feed by 
making a single, straight and central tunnel (Plate XXXVITI, fig. 5c). 

Up to the second moult the caterpillars feed gregariously when there 
may be twenty-seven to forty-two of them in a single bore. Afterwards they 
disperse and lead a solitary life. 

Injury by this borer is quite characteristic. In the beginning of the attack 
(i.e. when the caterpillars are feeding just below the rind (Plate XXXVIII, 
fig. 5s) the side leaves wither, but as the attack proceeds further (i.e. when 
the caterpillars have made a central bore (Plate XXXVIII, fig. Sc), the entire 
whorl of the leaves (including the central leaves) drie.s up and the crop 
presents a blasted appearance.* The attacked eanes fail to grow. The dark 
spiral streak (Plate XXXVIII, fig. 5s) renders the aifected internode w'eak, 
which breaks off easily when shaken by wind or a passing animal. 

The damage by Chilo trypeies Bisset ranges from 15 to 20 per cent of 
the total crop during normal years, but in years of serious damage it may be 
as high as 50 per cent. The damage by this i)est is at its maximum during 
August-September. Barani (rain-fed) crop suffers the most and, of the 
various Goimbatore varieties of sugarcane, Co 205 and Co 285 are the wmrst 
sufferers. 

Control 

Ohilo trypetea Bisset is not a difficult pest to control. As mentioned 
above it spends the period from November to June as a resting caterpillar 
in sugarcane stubbles. Therefore simple, cheap and most effective method 
to deal with it is to plough up the sugarcane stubbles any time from Novem- 
ber to May with a furrow turning plough. The ujprooted stubbles should be 
collected and destroyed whenever convenient before June. A clean-up 
canipaign in the localities where it is a serious pest will prove very helpful in 
subjugating it. If possible ratooning of sugarcane in infested areas should 
be given up. 

Wlien the attack is in progress all the damaged top shoots, recognisable 
by the symptoms described above, should be collected and destroyed. This 
is best done during July when the young caterpillars are feeding gregariously 
inside the top shoots. 

* In case of attack by other borers it is only the central shoot that dries up and is 
called a ‘ dead-heart the rest of tb® lea’w remaining quite healthy and green. 



TMs work was undertaken at the suggestion of Kkan Bahadur M, Afzal 
i Husain^ Entomologist to Government, Punjab, Lyallpur (appointed Vice- 

Chancellor of the University of the Punjab in October 1938) to whom we are 
grateful both for suggesting the problem and for help and advice during the 
^ progress of this investigation. 

> SXJMMAKY 

I Chilo trypetes Bisset (Pyralidae : Lepidoptera) is a new pest of sugarcane 

l| which was discovered for the first time in the Punjab in 1923 by M. Afzal 

j Husain, Entomologist to Government, Punjab, Lyallpur. It has a restricted 

j distribution and has so far been recorded from Sialkot, Gurdaspur, Batala, 

Pathankot and Mukerian (Hoshiarpur). It feeds only on sugarcane and 
shows special preference for harani (rain-fed) crop, 
i Different stages of the pest are described and figured, 

j The pest is active from June- July to October when it completes its life- 

1 cycle in sixty-three to eighty-eight days. The moths of the second genera- 

I tion appear about September when they lay eggs and these give rise to 

i caterpflOiars, which remain in sugarcane stubbles from November to June, 

f It begins to take toll of the crop when the plants are fairly grown up 

and the internodes are well-formed. Damage by this pest ranges from 15 to 
20 per cent during normal years, but in years of serious attack it may be as 
high as 50 per cent. The leaves of the attacked cane dry up and the plant 
fails to grow; it breaks off easily when shaken by wind or a passing animal. 

The pest can be controlled effectively by ploughing up the sugarcane 
I stubbles any time from November to June, The uprooted stubbles should 

I be collected and destroyed. In July the damaged canes should be removed 

I and destroyed to kill the larvae. 
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iNTKODtTCTION 

P ALMYRA palm or torA, as it is commonly known in Upper India, grows 
abundantly in the province of Bihar. But unfortunately this spontane- 
ous and bountiful gift of nature has not so far been utilised to the fullest 
benefit of the population therein. About twenty years ago, Ghosh [1920] 
drew attention to this neglected source of sugar in Bihar and lamented^ over 
the fact that ‘ richly saccharine juices yielded by this tree are converted into 
toddv ’ providing a cheap intoxicating drink, freely indulged in by the lower 
class” people. On a most liberal astimate not more than 25 to 30 per cent of 

the trees are tapped in Bihar for this purpose. ^ 

The professional toddy tappers in this province belong to a ooramunity 
known as Pasis. The last census (1931) enumerated a population of 172,051 
Pasis in the provinces of Bihar and Orissa of which 20,576 or 11-9.5 pei cen^ 
were recorded to be earning their livelihood as toddy tappers and the rest 

were obviously their dependents. A. i 

The present investigations were started with a view to finding out now 
the various types of produce from palmyra-palm could be profitably uti- 
lised to the betterment of the state of nutrition of the people. This could be 
effected by encouraging the consumption of those edibles comiiaratively rich 
in protective elements and by better utilisation of all the possible food pro- 
dud;s from the tree. The present time seems to be a most opportune moment 
for dissemination of knowledge on the subject outlined above as with the intro- 
duction of prohibition in Bihar (and other parts of India as well) increasingly 
large number of men who had been eking out their miserable existence by 
tapping and vending the fermented juice {toddy), are finding themselves 
unemployed. AceordAg to Blatter [1926], who has made an extensive study 
on the subject of the palms of British India and Ceylon, ‘every part of the 
palmyra-palm is turned in account in some way^or other. By far the most 
important aspect of this tree is a source o food ’. 
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I Different edibles 

^ira.— This is the Hindusthani name given to the sweet niifermented 
juice obtained from the inflorescence of both the male and femal trees,*^ 
There is a common belief prevalent that the sap from male trees is sweeter 
than that from the female. Sethi and Ghosh [1932], fter analysis of s crose 
Juice of male and female palm at Patna and Sabour, state 
that though individual female trees have at times been found to yield a richer 
juice, usually the juice from female trees is weaker in sucrose content than 
^ that of the male. The authors of this paper could not confirm their findings 

r as this investigation was started late in the season when the juice in male 

I trees had dried up. Nira is a refreshing drink with pleasant sweet taste. 

( On keeping without preservative in hot humid climate even for a short time 

I it gradually turns turbid and sHghtly sour in taste. This is how the fermenta- 

tion begins. 

! Tarh-ha-^koa , — This is the name given to the almost clear jelly-like albumi- 

j nous fluid found within the shell of the young fruit. The fluid gradually 

j hardens and assumes a white colour with increasing opacity, and develops a 

! fibrous coat aU round. During the hot months the soft gelatinous kernel 

I (before hardening sets in) is supposed to be an exceedingly refreshing article 

I of food. The pulp of the green fruit is sliced (minus the seed) and given to 

j the cattle as a galactagogue in certain parts of this province, 

'> ’ Bipe fruit,- — The mesocarp or pulp of the ripe fruit is golden coloured, 

I luscious, sweetish and pasty in texture. Poorer people at times consume 

i it raw or else mixed with a little amount of sugar and flour and fried n oil to 

j make t into sweet cakes. In Ceylon the pulp is spread over mat in a thick 

! layer, dried in the sun and preserved for consumption during winter months. 

! This dried and preserved pulp is known there as xmnatoo, 

; GuthU-ka-gudda, — ^This is the Hindusthani name given to the cream- 

j coloured substance of cheesy consistency which develops inside the stone 

j of the ripe fruit as soon as small roots can be seen springing out from the 

^ fibrous surface of the seeds. It has a sweet, pleasant, taste and liked by 

children. 

Seedlings. — ^V^'hen the seedlings are still very tender (about two to three 
, months old) their beautiful parchment-like outer coating is removed and the 

5^^ pulp of stem is either boiled and dried in the sun or simply dried in the sun 

^ and then both of them ground into fine flour. The flour is made into various 

kinds of meals or gruel in South India and Ceylon. 

I ' ^ ' ' ' ■ ' ' 

j Chemical composition of edibles 

I The estimation of protein, fat, carbohydrate, etc. were carried out 

j according to the methods prescribed by the Association of the Official Agri- 

j cultural Chemists [1930]. The assay of sugars was done by the well-known 

reducing test by Fehling’s solution. The results are shown in Table I. 

I It is evident from Table I that with the exception of nira the other edibles 

are rich in mineral matter. They are of course not very rich sources of calcium 
I or phosphorus. The increased concentration of calcium in treated nira and 

^ * Similar sap from coconut ((7oco« date {Fhtmix dactylifera) and sago 

! (ilf «agfo) palms are also known as * mra V 
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gut (jaggery) is due to the extraneous lime added as preservative. Further 
it appears that limed wra after decantation shows considerable loss of phos- 
phorus. Probably the phosphorus of the nira combines with calcium in the 
lime and settles down as a precipitate. 

The flour prepared from the seedling contains about 5 per cent protein 
and can compare very favourably with flour prepared from any other vege- 
table (particularly tubers). The food value of the preserved pulp more than 
justifies its introduction as an edible in areas where palmyra-palm is grown 
in abundance. 

Gakoteke and ascobbio acid 

The carotene and ascorbic acid content of nira, fresh pulp from the 
ripe fruit, preserved pulp, tarh-ha-koa and guihli-lca-guida were assayed 
according to the methods detailed by the authors [Mitra, Mittra and Rajj 
1940}. The results are given in Table II. 

Table II 


Estimation of carotene and ascorbic acid 


Name of the edible 

Carotene in mg. 
per 100 gm. 

1 -ascorbic acid in mg. 
per 100 gm. 

Fresh pulp of the fruit 

7 '58 

24*0 

Guthli-ka-gudda 

0*04 

11*3 

Nira 

Nil 

5*7* 

Preserved pulp 

12*48 

12*1 

Tarh-ka-Jcoa 

Nil 

1 

13*1 


* Measured pei' 100 c.c. 


In the case of mm the maximum ascorbic acid content per 100 c.c. was 
found to be 14*6 mg. and 8* 1 mg. in a series of twenty-one estimations on 
different days with different samples. But the commoner findings w^ere often 
in the neighbourhood of 6*0 mg. Sokhey [1939] working with coconut palm 
has found on average an ascorbic acid content of 8*0 mg. per 100 c.c. of 
fresh juice in Bombay. The fresh pulp seems to be very rich in carotene and 
ascorbic acid, and preserved pulp seems to be still richer in both the pro- 
tective elements. 

Febmektation and irrvEBSiON oe sugabs in nira 

Of aU the types of edibles available from the palmyra-palm nira is by 
far the most abundant and at the same time extremely unstable. Sethi and 
Ghosh [1932], after recording the yield from twenty trees for a period of three 
weeks, found that the average daily yield from a tree came up to 12*68 lb.es 
1*78 S.E.^ Thus the daily collection of a Pasi tapping about fifteen trees 


* The mean and standard error were calculated by the senior author from the tabl^ 
pf yield supplied in the text referred to* 
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,at 150 lb. on a very conservative estimate. This large quantity 
allowed to go to waste or converted into 
seems to be the preservation of the juice 


comes to at least j 
of precious juice 

cheap toddy. The only alternative 
before its ultimate disposal. 

Fermentation of the juice takes place by the action of yeasts moulds 
and bacteria which split up the disaccharides (usually sucrose) at first 
monosaccharides by process of inversion ( invert sugar ) and mnally into 
alcohol The degree of fermentation undergone by any liquid for purposes 
of comparative study can be measured either by assessing the number of 
veast cells, moulds and bacteria in a known volume on a graduated haemo- 
cvtoineter slide under the microscope or by estimation of alcohoL The former 
method was found to be tedious and trying besides being inaccurate and was 
consequently abandoned. The alcohol was estimated by the usual methods 
of distillation and corrections for temperature, etc. made according to the 
table compiled by Jenkins [1927]. , 4 . ± j 

With the beginning of fermentation this almost transparent sweet and 
pleasant beverage turns into an opaque and frothy juice with a slightly acid 
and pungent taste, commonly knowm as toddy. If the temperature condi- 
tions be suitable the amount of fermentation is a function of time. It was 
found on the average that the juice or sap with a sucrose-content of 12-4 
gm. per 100 c.c. yielded 8-51 per cent proof or 4-88 per cent by volume of 
alcohol after thirty hours’ fermentation and 1 1-61 per cent proof or 6-40 per cent 
by volume of alcohol after complete fermentation has taken place in five 
days’ time under ordinary room temperature at Patna in the hot and humid 
month of July. It has been previously observed by Annett et al. [1916-21] 
in the case of date-palm juice that though fermentation or formation of alcohol 
may be arrested by some chemicals yet the inversion of the valuable sucrose 
in the juice may persist through the action of the enzyme invertase rendering 
the juice (or the gur prepared therefrom) less sweet and consequently depre- 
ciating its ultimate commercial value and attractiveness . This has been found 
to be true in the ease of palmyra-palm juice also. Nira as it trickles down 
from the tree has an acid reaction and the pH. was found to vary between 
5-0 and 4-5. Nightly collection of nira in smoked pots early in the morn- 
ing before sunrise gave an acid reaction and the pH was found in the neigh- 
bourhood of 4-5 to 4-0. Fermentation and hydrolysis of sugars in the juice 
oomnletelv stonned when the pH was 8*0 or over. 
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before sending out the pots for collection they were 
emptied out of their con ten ts, washed with water, both inside and outside. 
The pots were then half filled with water, heated to boiling point and kept 
on boiling for at least fifteen minutes. The pots were subsequently emptied, 
heated on open Bunsen flame to kill all residual and yeast cells. Finally 
the pots were smoked over burning straw and leaves. It w^'as found out 
I by experiment (estimation of alcohol) that pots treated in such a w- ay behaved 

as good as new pots as far as fermentation w^as concerned. 

^ The amount of invert sugar in the juice collected in smoked pots and 

I without any other preservatives at night w as found generally in the neigh- 

> bourhood of 0‘5 gm. and at times exceeded 0*6 gm. per 100 c.c. in the morn- 
ing. Sometimes this sugar Avas found to be in the neighbourhood of 0*4 
gm. per lOd c.c. of the juice or even below" this level. 

I On the assumption that the estimation of sugars in the morning collec- 

tion of nira even in smoked pots is not likely to furnish a correct picture 
I of the sucrose content of the juice as it trickles from the tree and basing on 

the authors’ experience (discussed later) that lime completely stops, hydro- 
i lysis collections were made from the same tree in excessively limed and un- 

limed (control) pots during the night. It was found that the juice in the 
! limed pots contained as little as 0*05 to 0*06 gm. of invert sugar per 100 

I c.c. which did not comprise even 0*5 per cent of the total sugar content 

of the juice. The juice in the control pots showed as usual ten times the 
amount. The spathes were thoroughly washed with clean water before the 
^ pots were tied for the night. 

PeESEBVATIVE OF CHOICE 

An attempt was made to find out a non-poisonous chemical which would 
not only arrest fermentation but also effectively stop inversion of sugar. 
Table III summarises the results of investigation with six different types of 
the more common preservatives tried by the authors. In each case pure 
E. Merck chemicals were used except in the case of slaked lime. Ordinary 
bazar lime with a calcium content of 51-45 per cent in finely powdered state 
and devoid of grits was used throughout the investigation. The formalin 
used being 40 per cent of solution of formaldehyde. 

In each case the minimum dose of the preservative effective in arrest* 

> ing fermentation for ten hours had to be individually worked out by different 
sets of preliminary experiments. Though tapped from the same tree the 
samples of nira used w"ere collected on different dates. The invert sugar- 
content of the mm in the experiments detailed above varied from 0*5 to 0-6 

; gm. per 100 c.c. and in two cases it exceeded 0*7 gm. per 100 c.c. When 

I the invert sugar-content of the juice in the morning was found to be in the 

i neighbourhood of 0-4 gm. per 100 c.c. proportionately a much smaller dose 

in each case was needed to effectively stop fermentation for ten hours. Further 
with a juice having an invert sugar-content of 0*5 to 0*6 gm. per 100 c.c. 

' the fermentation could be arrested for twenty-four hours, if need be, by doses 

i bigger than that shown in column 2 of Table III. Table IV gives the dosage 

of^ fche different chemicals necessary to arrest the fermentation in both the 
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Table IV 



Dosage of chemicals necessary to arrest fermentation in 200 cx. of nira 



Minimum dose required to arrest fermenta- 
tion in nira 

Different preservatives 

Containing 0 • 4 gm. 
(app.) invert sugar 
per 100 c.c. 

Containing 0 * 6 gm. 
(app.) of invert sugar 
per 100 c.c. 

Slaked lime 

0‘20 gm. 

0*25 gm. 

Boric acid 

0-30 „ 

0*60 „ 

Formalin 

3 drops 

6 drops 

Benzoic acid 

0*07 gm. 

0*15 gm. 

Na-hydrosulphite 

0*03 „ 

0-05 „ 

Salicylic acid 

j 0*08 „ 

0-17 „ 


It appears from the study of Table III that slaked lime, of all preserva- 
tives, tends to stop the fermentation of nira and also the inversion of sucrose. 
The effective dose 0 * 25 gnl. per 200 c.c. comes to about 87 • 6 grains per gallon. 
Even if this quantity be exceeded it can exert no poisonous effect on the 
system. 

When the requisite amount of slaked lime is added to nira and the solu- 
tion is well shaken a precipitate is formed which settles down in twenty to 
thirty minutes leaving the supernatant liquid clear. This precipitate consists 
of colloidal matter and a large proportion of the phosphate and very little of 
nitrogen as would appear from Table J. With aU the other preservatives 
tried the juice remained turbid all through. 

Benzoic and salicylic acids according to the authors’ experience were 
the most difficult antiseptics to tackle. Before they could exert any anti- 
septic action complete pulverisation was essential. Further, being insoluble 
in water, they could not effectively stop fermentation when placed inside the 
collecting pots in the evening. They could only exert their preservative 
properties when thoroughly shaken with the juice in wide-mouthed-glass-stop- 
pered bottles inside the laboratory. Formalin and sodium hydrosulphite w'^ere 
very effective in stopping fermentation in small doses but could not prevent 
hydrolysis of sugars. 

Lime is best put inside the pot as a thin coating and it was found essential 
that the same should remain moist till the trickling of the juice inside begins, 
otherwise part of it was converted into inert calcium carbonate. It was also 
invariably found that some amount of lime at the top remained undissolvcd 
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by the juice. Another difficulty was that the total volume of secretion of 
the nightly juice could not be definitely anticipated in the evening when the 
pots were tied on with the preservatives. 

Provided the number of collecting pots in one tree remained constant 
and the temperature conditions did not undergo material alteration it was 
difficult to roughly estimate the amount of juice anticipated and 
consequently the dosage of lime. In the authors’ series the average collec- 
tion with four pots and subsequently two pots from one tree spread over a 
period of 2| months came up to 306 c.c., 415 c.c. and 517-2 c.c. respectively. 
The details are shown in Table V. 

Approximately in a pot {lahni) of 2-litre capacity 1 - 0 gm. of slaked lime 
was found to prevent hydrolysis and fermentation completely in a collection 
of about 500 c.c. during the night. Slight overdosing of the pots with lime 
has to be done for reasons stated above. In case the collection turns out to 
be too small resulting in overdosing of the juice it should be remembered that 
calcium compound with sucrose can be decomposed with carbon dioxide 
without the sweetness being impaired. But once inversion starts sucrose 
is irreparably lost. 

The ascorbic acid is one of the most important constitiientB of the fresh 

juice from the aspect of nutrition in children. The effects of the various 
preservatives on this vitamin has been worked out and the results incor- 
porated in Table III. The figures estimated after treatment with sodium 
hydrosulphite were misleading as this particular preservative was found to 
exert reducing action on the dye 2 : 6 dichlorophenolindophenol, no reliance 
could thus be placed on the results of titration. Another interesting observa- 
tion was that ordinary slaked lime in the concentration recommended as a 
preservative does not' completely destroy vitamin 0 in the nira. 

Table V 

Average nightly coUection of the juice in c.c. 


Period of coHeotion 

Humber of 

Average per pot in c. o- 


pots tied 

Mean , ■ 

B.E*: 

Middle of June to middle of 
July 

'4 

S06-0 

1 11*96 

Middle of Jnly to 1st week 
of August 

.. ,/4 " 

410-5 

■ 9*62 

2nd to 4th week of August 

2 

517*2 

17*07 


An attempt was made to est'mate the amount of levulose ordinarily 
present in nira. Of all the tests mentioned by Clarke [1934] the resorcinol 
test and ammonium molybdate test seemed to be of practical importance. 
But in the former case heating with concentrated hydrochloric acid always 
resulted in hydrolysis of the sucrose-content and thus the amount of free 
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levulose present could not be estimated. The latter test though said to be 
a specific for levulose could not be used for estimation in this case as it was 
found to yield unsatisfactory results in cases where levulose content was low. 

DiSCTJSSIOK OIS THE FINDINGS 

Except the preparation of the flour from the seedling and the preserved 
pulp all the edibles from the tree are consumed in some parts of this 
province. Now that the nutritive value of the edibles are known, people all 
over (wherever this tree grows wild) and the professional vendors particularly 
should be advised as how to utilise the produce to their best advantage 
both from economic as also health point of view. People may also be advised 
to store the ripe fruit as preserved pulp. 

The main point in the problem is the ultimate disposal of nira. Indiscri- 
minate propaganda on the use of nira as a fruit drink is likely to yield doubtful 
results. As in localities where one pound of nira costs as much as one pound 
of milk (this condition does exist in certain parts of Bihar) the latter should 
be given preference. Then again the people have to be educated into nira^ 
drinking habit and arrangements made for the transport of the juice to bigger 
towns and cities for consumption. In rural areas very few people are rich 
enough to pay for such (fruit) drinks. 

Recently Sokhey [1939] has suggested the preparation of levulose from 
nira, advantage being taken of the fact that in nira, fermientation may be 
stopped, but hydrolysis may be allowed to proceed by invertase so that sucrose 
be converted into equal parts of glucose and levulose. Levulose is a very 
costly sugar and may well repay the efforts but its manufacture is not possible 
unless a well-equipped factory arranges for the transport and regular supply 
of the juice and its conversion into levulose. 

The other possible alternative seems to be to convert it into gur ov 
jaggery according to the practice followed in Ceylon and at present in certain 
parts of Madras and Bengal. The details of the methods of gur making and 
its advantages are available from the reports of Gokhale [1920], Sethi and 
Ghosh [1932] and many others. If seriously worked out as a cottage industry 
g^^r-making would help in raising the economic standard of the Pasis and 
thereby consolidating the efforts for the success of prohibition. 

SuamAHY 

AU the different edibles from palmyra-palm were analysed chemically 
with a view to finding out their nutritive value. The most abundant produce 
from the tree was found to be the nira or the sweet sap exuding from the 
crashed inflorescence of both the male and female trees. 

Nira, unless quickly treated with preservatives, ferments easily in ordinary 
temperature to form a cheap alcoholic drink popular with the lower 

classes. Of all the preservatives tried, slaked lime was found to be the most 
easily available, cheap and efficient in arresting fermentation as also hydro- 
lysis of sugars. The minimum effective dosages of the other preservatives, 
e.g. boric acid, formafn, benzoic acid, sodium hydrosulphite and salicylic 
acid have also been worked out. Except slaked lime none of the others 
could prevent hydrolysis of sugars. The pots should be washed and smoked 
daily. 


1 
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Nira as it trickles down from the tree contains about 6 « 0 mg. ascorbic acid 
per 100 c.c. The sugar-content is about 12 per cent. It contains no carotene. 

The pulp of the ripe fruit as also the preserved pulp {punatoo in Sinhalese) 
are rich sources of vitamins A and C. The flour made out of the seedling 
(two or three months old) compares favourably wdtlx other common flours 
madeout of root vegetables (tubers). prepared from limed nira obtained 
from Jaffna (Ceylon), Bengal and Bihar have also been analysed and found 
to be rich in mineral matter, specially calcium. 
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D etermination of leaf areas of plants is one of the subjects that re- 
ceived the earliest and somewhat insistent attention at the hands of plant 
physiologists, as a result of which considerable degree of refinement and 
accuracy has become possible ; but many of the methods have been rendered 
difficult of application for developmental studies in field plants. The methods 
of Kidd, West and Briggs [1920] and of Watson [1937] necessitate the removal 
of leaves from the plant body and are not quite suitable for grow^th observa- 
tions. Those of Frears [1935], Withrow [1935], Mitchell [1936] and Kraemer 
[1937] require the use of costly photo-electric apparatus and are ill-suited to 
field-scale operations. Gregory [1921], on the other hand, studied the correla- 
tions of a number of linear and angular measurements of the leaves of Cummus 
sativus and formulated certain empirical relationships between them and the 
actual area. He found it necessary to use different formute for leaves of 
different ages which greatly reduced their direct application to field plants. 
A quick and reliable method satisfying this last requirement is still to be 
sought ; and this note embodies the results of efforts made in that direction in 
the course of studies on the water requirements of Cambodia cotton. 

Methods AND matebial 

The material for the various measurements was derived from a field of 
Cambodia cotton {Q, hirsutum L.) plants grown during 1934-35. The crop, at 
the time of sampling, was about four months old. The followng criteria were 
tested by actual measurements with a view to finding out how far each consti- 
tutes a reliable measure of leaf areas of cotton. 

1. The area of the rectangle enclosing the entire leaf (Fig. 1). 

2. The area of the rectangle the sides of which are formed by the length of 
the mid-rib and the maximum breadth between the basal lobes (Fig. 2). 

3. The area of the rectangle whose sides can be represented by the length 
of the mid-rib and the breadth between the tips of the second and fourth lobes 
(Fig. 3). 

4. By actually matching each leaf, the area of which is to be measured, 
against artificially prepared standards of known area cut out of ordinary 
cardboards. 

The first three are self explanatory and do not require to be described. 
The last one is detailed briefly as under. 

■835 ■ 
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Figs. 1, 2,3. ax b=s calculated ami 

About 100 leaves of ages ranging from ten to sixty days were collected 
from the field of Cambodia plants and their individual outlines sketched 
carefully on a piece of cardboard. The area of each of the 100 sketches was 
then carefully measured twice by means of a planinieter, and tiie average 
of the two readings was noted on each sketch . Thirty of these Bketches were 
carefully chosen so as to constitute an ascending scale of areas. It was found 
that the smallest sketch was 3 sq. cm. in area and the largest was about 200 
sq. cm., the difference between any two successive sketches in the scale being 
about 6 to 7 sq. cm. The selected sketches were cut out carefully and used as 
standards for matching. 

The leaf, the area of which is to be measured, is then matched against its 
probable compeer among the standards, and the area of the closest match is 
taken to be the area of the leaf. It may be pointed out at this stage that a 
satisfactorily close match, deviating from the leaf by not more than 2 to 3 
sq. cm. was almost always obtained, and greater divergences were of very rare 
occurrence. With a little experience the excess or deficit over the standard 
was easily estimated by mere eye judgment, AH the final figures for the areas 
recorded in this note represent only such estimates. 
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^ ; M OF LEAF ABEAS OF PLANTS 

Results 

In Table I are given tbe results of measurements of forty-five leaves by 
methods 1, 2 and 3, while in Table II are given the areas of 100 leaves as 
measured by the cardboard method (4). In each case the corresponding areas 
as measured by the planimeter are also given for comparison. 

Before discussing the results it may be pointed out that the first three 
methods do not give actual areas themselves but give only relative values of 
each area measured. The last method, on the other hand, gives what can be 
regarded as random estimates of the areas measured. 

I All the measurements have been statistically analysed and the correla- 

I tion and regression coefficients obtained between the planimeter values and 

I those worked out by methods 1, 2 and 3 are given in Table III. It will be seen 

that in all cases the correlation is high and significant. The percentage error 
i of the regression varies from 4 • 9 to 3 • 7 for methods 1 and 2 which is not greater 

than that obtained by Gregory [1921], In method 3, however, the error is 
considerably higher. It would, therefore, appear that for Cambodia leaves 
i and leaves of similar shape, the complicated angular measurements used by 

Gregory can be dispensed with. 

Further values by regression equation (Table I) were calculated for 
I methods 1-3 and the standard deviations of the deviations of the estimates 

I from the actual planimeter readings were worked out. For method 4 calcula- 

f tions were made separately for leaves below 50 sq. cm., between 50 and 100 

- sq. cm. and above 100 sq. cm. in area with a view to examine more closely 

I the percentage error involved as the area of the leaf increases. The results 

* are tabulated in Table IV. 



Table I 


Actual and calculated areas of cotton leaves {30 to 60 days old) i7i sq, cm. 


Actual area as 
measured by 
planimeter 

j 

Area calculated by different | 

methods | 

Area derived from regression 
equation 

Method! 

Method 2 

! 

Method 3 

Method 1 

Method 2 

Method 

40*8 

56-9 

64-8 

38-5 

42-9 

43-7 

64-9 

42-9 

63-2 

62*4 

52-1 

46-3 

49-0 

61-3 

45,- 2 

65-6 

64-8 

60-7 

47-5 

60-6 

65-4 

55*6 

100-0 

84-5 

82-7 

57-8 

64-2 

75-7 

59*5 

90-6 

89-9 

68-7 

60-8 

67-9 

69-1 

70*7 

112-0 

87-7 

95-5 

72-2 

66-4 

81-7 

73-9 

112-2 

101-0 

90-0 

72-2 

75-6 

79-1 

75*3 

130-0 

j 106-1 

109-1 

78-7 

79-1 

88-1 

84-9 

127-5 

1 98-9 

■106-6 

80-3 

.74-1 

86-9 

88-1 

139-9 

1 122-9 

1 110-3 

86-9 

90 -7 

88-7 

88‘9 

130-0 

119-8 

! 115 -5 

85-7 

88-5 

91-1 

91*3 

150-1 

129-3 

i 106-0 

92-3 

95-1 

86-6 

93*3 

154-8 

123-8 ■ 

i 119-8 

94-8 

91-3 

i . , 

93-1 


i 
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Table l—contd. 


Table II 

Actml and calculated areas of cotton leaves {10 to 60 daps old) in sq. c m. {method 

d — cardboard method) 

Actual area by j Actual M-ea by I 

plammeter | Calculated area planinneter Calculated area 


Actual area as 
measured by 

Area calculated by dii^erent 
methods 

Area derived from regression , 

, equation 

planimeter 

Method 1 

Method 2 

Method 3 

Method 1 

'Method 2 

; Method 3 

94-0 

158-7 

126*7 

100-9 

96*9 

93-3 

84-3 . 

97*5 

157-4 

126-4 

136-3 

96*2 

93*1 

100-9 , 

97 -e 

164-9 

129-9 

131-0 

94-9 

96-6 

,98-4 

97*7 

161-6 

109-4 

139-2 

98-4 

93-4 

102-2 

99*6 

169-7 

129-2 

143-9 

102-8 

95-0 

104-5 

100-3 

165-1 

142-7 

139-2 

iOO-3 

104-3 

102-3 

101-7 

170-6 

127-0 

137-0 

103-2 

97-6 

101-2 

102-5 

182-3 

144-0 

159-3 

109-4 

105-2 

111-7 

103-2 

163-8 

135-3 

141-9 

99-6 

99.2 

103-5 

104-8 

182-1 

147-4 

161-5 

103-1 

107 -6 

112-7 

112-8 

184-9 

139-6 

158-9 

110-8 

106-2 

111-5 

115-5 

190-3 

159-7 

150-0 

113-6 

116*1 

107-3 

117-2 

192-7 

164-4 

155-6 

114-9 

' 112-4 

110-0 

117-8 

180-9 

169-7 

■■ 158-7 

113-6 

123-0 

111-4 

117-9 

186-0 

163-2 

146-5 

111-3 

118-5 

105-7 

118-1 

217-1 

182-1 

190-0 

120-8 

121-5 

126-1 

118-3 

208-8 

193-4 

161-2 

124-4 

129-3 

112*6 

120-0 

200-2 

175-5 

182-1 

1 118-9 , 

i 127-0 

i 122-4 

120-4 

206-7 

167-9 

176-0 

1 122-3' 

i 121-7 

1 119-5 

120-8 

205-8 

1 179-1 

174-2 

‘ 121-3 

' 129-5 

118-7 

121-3 

178-2 

1 154-1 

146-1 

117-2 ' 

^ ^ 112-2 

I' 105-5 

121-8 

226-2 

160-3 

1 184-9 

1 122-6 

i 116-5 

i 123-7 

126-3 

204-3 

174-0 

1 182-4 

: 121-0 , 

1 126-9 

' " 126-6 

131-4 

232-1 

182-4 

1 187-2 

; ■ 135-7 , 

1 131-7 ■ 

!' 124-8 

133-5 

224-0 

177-6 

i 188-4 

1 131-5 ■ 

: 128-4' 

1 125-4 

135-9 

232-4 

182-7 

1 ■ 203-3 

i;- 135-9 

131-9 

132*4 

136-6 

220-3 

164-7 

! 192-6 

■ 129-5 

119*5 

1 127-4 

137-7 

256*7 

204-5 

205-7 

135-8 

147-0 

133-5 

145-2 

232-5 

191-0 

' 170-2 

136-0 

! 137-7 

116-8' ■ 

162-6 

297-2 

211-7 

247-0 

170-3 

151-9 

' ' 152-8 

162-8 

266-1 

233-6 

214-7 

156-8 

167-1 

■ . 167 '*7 . . 

177-4 

289*6 

256-7 

322-1 

. 169-2 

i 173-0 

■ 189-2 

Average 106*2 

176-3 

146-4 

147-6 

i' 

! 

1 






METHOD OF MEASUREMENT OF JJEAF AREAS OP Fr.ANTS 


Table II — canid. 


. Actual area by 
pianimeter 

i 

! 

Calculated area 

Actual area by 
pianimeter 

Calculated area 

23*3 

23-0 

82-1 

83*0 

32*1 

31*7 

82-7 

82*0 

33-8 

34-8 

86*7 

88*0 

34*9 

35*3 

86*9 

88*0 

35-4 

35*0 

87-6 

* 87*6 

41-0 

41*9 

87-8 

87*0 

44-3 

45-2 

87'8 

89*2 

45*1 

47-7 

88-9 

88*7 

48*0 

47-5 

92*7 

93*3 

48‘1 

49*5 

93*7 

94*8 

44-6 

45*7 

93-1 

92*6 

45*6 

45*7 

99*3 

101*0 

44-4 

45*4 

100*8 

100*0 

49*8 

48-0 

101*7 

101*5 

46*7 

47*2 

107*1 

110*3 

53-9 

54*0 

108*6 

107*0 

53-2 

54*5 

110*8 

113*3 

54'4 

54*0 

114*2 

117-3 

o 4*8 

65*0 

115*5 

117*3 

65-3 

53*5 

117*9 

117*8 

66-3 

55*5 

118*1 

120*3 

69-3 

61*0 

115*2 

113*3 

59-7 

61-0 

115*3 

117*3 

69-9 

61*0 

113*1 

114*3 

60-2 

60*6 I 

120*0 

123*3 

62-5 

62*8 

120*7 

122*3 

62-7 

63*2 

121*4 

120*3 

63-5 

63*2 

122*2 

122*3 

64-0 

65*3 

120*8 

123*3 

66*1 

67*8 

129*1 

127*5 

66-2 

65*3 

124*6 

127*3 

66*9 

68*5 

131*3 

133*0 

66-6 

66*5 

131*4 

129*5 

68*4 

69*5 

132*0 

136*5 

70*2 

71*2 

134*6 

133*5 

70*7 

72-8 

136*5 

135*3 

71-3 

70*3 

137*5 

139*3 

71-4 

73*2 

137*7 

135*0 

72’2 , 

73*8 

133*3 

136*3 

73-6 

75*5 

138*6 

142*0 

73*2 

. 74*6 

144*5 

146*6 

75*2 

74*0 

147*1 

149*5 

76-3 

75-8 

143*8 

144 * 5 '' 

■ 77*3 

77*2 

148*3 

148 > 6 V . ; 

78-6 

79*5 

154*6 

156*0 

79-3 

81-2 

160*7 

■ 162 * 5 , 

■ ■■ 79*6 

80*0 

169*6 

168*5 

81*1 

79-3 

120*7 

124*3 

Average . • 


86*85 

87*44 
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Table III 
Statistical analysis 


Table IV 

Staiisticd analysis — eontd, 


It will be seen from the figures that standard deviation is greatest in me- 
thod 3 and least in method 4; and further, in method 4 the error decreases with 
increase in leaf area. It is therefore clear that a greater precision in the mea- 
surement is possible by method 4. This feature and the ease with whicl! the 
leaves can be handled and measured commend its adoption. It has been ob- 
served that for large-scale measm'ements of leaf areas, it was possible to 
complete, by the cardboard method, the measurements of as many as thirty- 
three plants with fifty leaves in each during a period, of five hours which 
works out to more than five leaves per minute. 

The author is indebted to Dr S. Kasinatha Ayyar for his valuable guidance 
in writing this paper. His thanks are also due to fieldman 0. Sethumadhava- 
menon for his assistance throughout the, work.. 



Methods 

Head 

I 

2 


' ^ 

' ' '■ .j 



. ■ 

Below 60 
sq. cm. 

60 to 100 
sq. cm. ■ 

' : 

Above 

100' sq. cm. 

Standard deviation per 
cent 

0‘6 

! 7-0 

' 1 

9-3 

3-25 

‘ ' . 1 

1*61 

1-37 

1 



Methods ' 

Head 

1 ' .| 
! 

, ! 

■ 3' 

i 


Correlation between plani- 
moter value and those got 
from different methods 

0-96±0-01 

: 0-97±0-006 

i ■ ■■ ■ i 

i 

0-78±0-04 

0*96±0-003 

Regression coefficient of ac- 
tual on calculated 

0-63±0-026 

^ 0-69±0-026 

0*47i0«066' 


Percentage eiTor of regression 

4-9 

3-7 

1 li-9 

I ■ 








A simple method for measuring leaf areas of cotton plants, named the 


cardboard method, is described. This method has been found to be easier 
and to consume less time without any loss in accuracy. Its special ad¥antage 
; is the measuring of leaves in situ without detaching from plants and without 

causing the slightest injury to them such that the progressive growth as in- 
fluenced by the different treatments of an experiment could be studied in one 
and the same plant material. 
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LINKAGE RELATIONS OF THE WHITE -POLLEN FACTOR 
IN ASIATIC COTTONS 


G.K.GOVANDE 

Ewnomic Botanist to Govemrmnt, Baroda 
(Received for publication on 5 April 1940) 
iHTEODitTCTION 

T he present studies were undertaken during the author’s studentship period 
at the Institute of Plant Industry, Indore, in 1934. Preliminary work 
was done there hut the results being inconclusive the material was carried to 
Baroda later in 1937. The inheritance of the white-pollen factor in a strain 
Cocanada 45 was shown [Ayyar and Balasubrahmanyan, 1933] to be due 
to a single-factor difference, the yellow colour of the pollen being dominant, 
and the same strain was further worked upon to find out linkage of the 
white-pollen factor, if any, with other factors. 

Mateeial 

The strain Cocanada 45 was crossed with strains differing from it in a 
number of simply inherited genes with the object of discovering linkage rela- 
tions of the white-pollen factor. Many strains were originally used for this 
purpose but only those which gave conclusive results are mentioned below with 
their constitution. 

OoliBtituti.on . 


Leaf ■ , Pollen 
iieeta- colour 
ries ' ■ 


Strain Corolla Antlio- Leaf Lint 

colour cyan in ' . shape coloni* 
pigment 

Cocanada 45 , . . . Y E® V k 

A8 Burma laciinated . . Y Eh K 

N6 multiple recessive . . y 1 k 

, -Results ■ . ■ 

The Pi hybrids of the crosses involving both A8 and N6 with Cocanada 
45 were fuUy dominant for the characters concerned. The summary of the 
results of the same grown to Pg and Pg generations is presented in Table I. 

The data for the pollen oolour and the leaf nectaries in A8 x Cocanada 
45 crosses show a significant deviation from the normal 9: 3 : 3 : 1 diliybrid 
ratio, indicating a linkage of the coupling phase between the two factors 
with a cross-over value of 18-3 per cent in the P^ and 14*7 per cent in the F-j 
generations. That the whole of the discrepancy was due to linkage and not 
due to any disturbance in the single factor ratios was confirmed by partitioning 
the for three degrees of freedom into its components in a manner shown 
by Fisher [1936]. for the linkage degree of freedom alone was found to be 
very large and significant in each case. As regards other characters, namely 
leaf shape and lint colour in the same crosses and anthocyanin pigment and 






petsd colour as studied in NSxCocanada 45 crosses, with a comparative! j 
smaller population, the deviations from the expected ratio are not significant, 
thus giving no evidence of linkage between any one of these characters and 
pollen colour. 

Table I 

Two-factor ratios in crosses of Oocanada 45 x A 8 and Oocanada 45 x N 6 


! 

i 

: 

White 

pollen 

f 

Yellow 

pollen 

White 1 
pollen ' 

Total 

.. ' 

F 

and 

( 

X i 

X 

X 

X 




Fg, A8x Cocanada 









45 

Ne-ne Obs 

341 

47 

38 

87 

613 

164-01 

V. small 


Li^-1 Obs. 

295 

94 

94 

30 

513 

0-37 

Large 


K-k Obs. 

289 

90 

80 

34 

605 

1-09 

Large 

Fg, A8 X Cocanada 









45 

Me-ne Obs. 

502 

48 

61 

141 

812 

310-82 

V. small 


Li-1 Obs. 

314 

75 

101 

29 

519 

7-29 

>0-05 


K-k Obs. 

270 

70 

77 

34 

457 

3-60 

Large 

F 2 , NO X Cocanada 









45 

Rs-rs Obs. 

38 

12 

7 

5 

02 

2-40 

Large 


Y-y Obs. 

37 

14 

10 

1 

62 

2-97 

Large 

Fg, NO X Cocanada 









45 

R-rs Obs. 

20 

7 

7 

2 

36 

0-05 

Large 


Y-y Obs. 

19 

1 8 

8 

1 

30 

1-23 

Large 


SXJMMAEY 

Oocanada 45, a strain with white pollen was crossed with both A8 Burma 
laciniated and N6 multiple recessive in order to discover the linkage relations 
of the white-pollen factor in Asiatic cottons. No back-cross data are available, 
but other results obtained are presented here which show a clear evidence of 
linkage between the white pollen and leaf nectaries with cross-over values of 
18-3 per cent and 14-7 per cent in the Eg and Eg generations respectively. 

As regards other genes, namely that for petal colour, anthocyanin pigment 
leaf shape and lint colour the deviations from the expected ratio are not signi- 
ficant, indicating occurrence of free assortment, a record of equally great im- 
portance. 
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(With foul' text-figures) 

T he success of field experiments depends not only upon the inclusion 
amongst treatments to be tested of ail such factors upon which informa- 
tion is desired, but also upon the adoption of suitable forms of layout, for, as is 
well known, the application of even the most elaborate meth.ods of statistical 
interpretation cannot overcome the disadvantages of an unsatisfactory design. 
There is no lack of evidence to show that soil-heterogeneity is a plienomenon of 
universal occurrence, and unless due consideration is paid to this factor the 
results of field experiments are liable to be inaccurate. There are twn forms of 
soil-heretogeneity, viz. casual and permanent. An increase in the plot-size, 
maintenance of absolute uniformity in agricultural operations, correcting the 
surface level, etc. will remove most of the unfavourabie effects of casual soil- 
heterogeneity. The permanent differences, irrespective of the type of crop 
grown, are independent of such factors, and are found to persist under all 
conditions. Their effects can be minimised only by adopting a suitable lay- 
out. In actual practice it is not uncommon to mtet witii both these types of 
fertility variations on one and the same piece of land. Examination of data 
from soil-uniformity trials has led a number of w'orkers to conclude that gene- 
rally speaking soil-fertility varies in particular directions. In all such, cases it 
is a matter of considerable importance so to devise the layout tliat the effects 
of permanent differences owing to drift in soil-fertility are eliiuinated to as 
great an extent as possible. Some investigators who have devoted attention to 
this problem have suggested that this object can be attained by tlie provision 
of a fairly large number of repUeations in the trials. This, however, is not al- 
ways practicable. Further, if the land acquired for providing additional re- 
plications differs considerably in fertility from that available for the original 
number of replications, the reduction in error aimed at by increasing the 
number of replications will not be proportionate. This fact lias been clearly 
brought out by Lander, Ramji Narain and Azmat Singh [1038]. The possi- 
bility of eliminating these effects by a suitable layout of blocks and plots wdthin 
blocks, however, has not received sufficient attention. It is true that the size 
and shape of blocks as also of plots within blocks, depend veiy largety upon 
certain practical considerations, e.g. the size and shape of the area available, 
the existing position of irrigation channels, roads, etc. yet even within these 
limitations a certain amount of choice is still available w^hich can be exerci>sed 
in a manner that is likely to increase the precision of the experiment. 
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A soil-Timformity trial w cTiari was conducted at Rawalpindi m hharif 
1936. On tB^^ of the data obtained an attempt has been made in the 
present paper to present a number of alternative designs which wore possible 
on this area and to discuss the merits of each design with a view to deciding 
upon the most suitable form of layout. 

It is well known that the degree of precision of an experiment depends 
largely on the extent to which plots of as uniform a fertility as possible are in- 
cluded within any one block. Wishart and Sanders [1935] have discussed the 
merits of both square and oblong plots and, keeping practical considerations 
in view, have concluded that so long as areas of fairly uniform fertility can be 
provided for different blocks, the size and shape of the blocks and of ultimate 
plots become essentially a question of convenience. In other words, according 
to these authors, soil-uniformity wdthin the blockexercises a far greater influence 
in reducing the error than the actual size or shape of plots or blocks. 

In order to take away the maximum fertility differences of the land the 
modern field experiments require the blocks to be so laid out as to follow each 
other along the line of the fertility gradient. It is further emphasised that 
plots within any block should be as similar in fertility as possible and should lie 
lengthwise in the direction of greater change in soil-fertility. Further Fisher 
and Wishart [1930] have pointed out the necessity of having blocks as compact 
as possible in form. According to them long, narrow blocks are less suitable. 
In certain cases, however, as discussed below, greater precision is obtained, if 
taking into consideration the variation of soil fertility in particular directions 
the blocks or at least some of these are made long rather than compact. 

SOXL-UNIFOEMITY TRIAL DATA 

The trial supplying the data examined in this paper was carried out on a 
piece of land measuring about four acres and the crop was harvested from 140 
plots numbering 1, 2, 3. .140, each plot being 36 ft. x 30*25 ft. or l/40th of 
an acre in size and arranged in the order shown in the plan given below^ The 
yield corresponding to each plot is also given in the plan. 
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Layout plan and yield data (maunds per l/40th acre) of soil-uniformity crop of chari 
grown during Ichanf 1936 at the Rawalpindi Agricultural Station. 

Before proceeding to discuss the data, one important point in connection 
with these plots, which seems to exercise a great influence on the conclusions 
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Fia. 1. Fertility contour map based on yield of chari (kharif, 1936) at Bawalpindi 
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that may be drawn, must be mentioned. In order to supply water to the 
Rawalpindi Cantonment, the military authorities have constructed a number of 
wells from the Murree side towards the cantonment area. These wells are con- 
nected with each other by means of underground pukka channels or ducts whose 
level is so arranged that when the water from the last well in the cantonment 
is pumped out the flow of water is automatically directed to the last well 
of the series. In this manner contact is maintained between the water in all 
the weUs that go to make up the chain. A part of this water duct happens to 
pass beneath the piece of land on which this experiment was carried out and its 
direction and width is shown in Fig. 1 by two lines running parallel to each 
other from the north in a south-western direction. The depth of the soil 
lying over this duct is about 12 ft. and, as can well be imagined, this soil 
which had once been dug out and refilled must behave differently from the 
adjoining soil. About six years back, owing to the water-duct getting choked 
by the crumbling in of its walls, the soil above this duct was dug out and after 
repairing rhe former again put back. The foct that this soil and also that 
which adjoins this dug-out channel on its both sides has a different level of 
fertility can be seen from the soil fertility-contour map. 
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Discussion of results 

It is clear from the contour map that soil-fertility varies much more from 
east to west than from north to south. This means that if the blocks are so 
laid out as to follow each other from east to west there is a greater possibility 
of the land within these blocks being more uniform than it would be if these 
were to follow each other from north to south. It is seen that the area affected 
by the water-duct which is shown in Fig. I as enclosed between two parallel 
lines running from north-east to south-west is characterised by a more uniform 
soil-fertility than the area on either side of it, particularly on the eastern side. 
This may be due to the fact that during the process of digging out and refilling, 
the soil in this area had been mixed and rendered more uniform than before. 
The layout of the blocks with lengths from north to south would thus seem to 
be more advantageous. This is further borne out when the yield data are con- 
sidered after arranging them in the form of a Latin square. This can be done 
after excluding three rows on both the northern and southern sides of the field, 
leaving 100 plots to be arranged in the form of a 10 x 10 Latin square. The 
analysis of variance for this Latin square is given in Table I. 

Table I 


Analysis of variance for 10 X 10 Latin square 


Source of 
variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 

square 

Ratio of 
variances 

Remarks 

Rows 

9 

11*23 

1*248 (Fi) 

2-985 (F 1 /F 3 ) 

ll-698(FJFi) 

Si.gnificant differ- 
ences between 

columns and rows 

Columns 

9 

131*39 

14-699 (Fa) 

34-922 (F 3 /F 3 ) 


Error 

81 

33*84 

0-418 (Fa) 

* * 

i 

Column-to-column 
differences signifi- 
cantly greater 

than those from 
row-to-row 

Total 

99 

176*46 




For P ^ 0*01, n-i = 8, ng == 80, F = 2*74 
ForP = 0*01, % = 8 , ^2 = 9, F = 6*47 


It is clear from the above figures that both the row-to-row and column- to - 
column differences are signifioant but the latter are significantly greater than 
the former, thus confirming the conclusion already drawn, viz. that in this 
area there is a far greater degree of variation in soil-fertility from east to west 
than from north to south. 

Before proceeding further, it may be mentioned that two sets of experi- 
ments were intended to be laid out on this piece of land, viz. (a) a study of the 
comparative value of different types of organic manures to be applied in differ- 
ent amounts, and (6) a study of the relative value of different artificial manures 


1 
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to be applied alone as well as in conjunction with green manure. There were 
seven treatments in the trial with organic manures and with eight replications 
it could be laid out in the first fifty-six plots giving eight lilocks of seven plots 
each. The trial with artificials had fourteen treatments, and was laid out in 
six blocks of fourteen plots each, the plots numbering 57 to 140. The blocks 
in both the trials were laid out with their lengths from nortli to south . Owdng 
to the greater disturbance of the soil by the w'ater-duct on tlie north east corner 
of the land an area corresponding to eight plots in two rows was left out on the 
north and a corresponding area added towards the south. This course w as 
justified when it is considered that even after the above adjustment, the 
fertility of plots 14, 16, 42 and 43 was the highest of any and it is likely that 
the area towards the north of these plots might have shown as much, if not 
greater, fertility. It would have been still better if these fifty -six plots could 
have been shifted further down by one or two rows. The differences in the 
fertility of the plots affected by the water-duct had been anticipated as a 
result of previous experience and the actual yield data obtained from this 
fertility trial amply confirm the anticipation. 

As mentioned already, although two different sets of trials were designed 
to be laid out on this piece of land for the purpose of the present discussion, 
the entire area has been considered as one piece. Further, since it is proposed 
to compare blocks of different shapes, it has been decided to consider only as 
many plots as would permit of the formation of the most compact blocks 
approaching as much as possible a square in shape. If thirty-two plots be 
excluded as follows:— 

eight in the first two rows on the south, 
twelve in the last two rows on the north, and 
twelve in the first column on the east, 
a plot combination of 9 X 12 would be left. Further <lividing the area into 
two divisions by a horizontal line between plots 8 anrl 9 on the cast and 134 
and 136 on the west, fifty-four plots will be obtained in each division. These 
may be divided into six blocks of nine plots each, providing six rej lications of 
nine treatments. The six blocks in the two divisions de.signatctl as A and B 
can be arranged in a number of ways as shown in Fig. 2. 

Arrangements represented by type I above would seem to be the simplest, 
but the data presented show that the relative efficiency of this arrangement is 
the least. Fisher and Wishart [1930] favour compact blocks as compared with 
long and narrow ones. In the present ease the blocks could be comju'essed to 
the maximum limit if the plots within each one of them are arranged in the form 
of a 3 X 3 square as in type III. This undoubtedly increases the relative 
efficiency considerably but this increase, except for type 11 (a), is still much 
less than that which is possible with the other two arrangements, viz. II (6) and 
IV. This may be due to the fact that on this piece of land, the drift of soil- 
fertility is from east to west, while no corresponding drift i.s to be seen in a ver- 
tical direction. The two types of arrangements in which six plots lie in one 
vertical column and the remaining three are joined to these either from the 
lower half or the upper half of the adjoining column (type Ila & Ilb), while 
making the plots compact to a certain extent, nevertheless retain the original 
levels of fertility differences and therefore the reduction in error in blocks of 
this shape is not very great. This would indicate that making the blocks as 


849 



SHAPE OF BEOOHS ' IN FIELD EXPEElMEK'PS 


compact as possible without taking into consideration the variations in soil- 
fertility does not in all cases resultin an increase in the precision of the experi- 
ment. The arrangement represented by type IV in divisions A and B is based 
upon due consideration of the results of the uniformity trial and combines the 
advantages of both compactness as ■well as regularity in the drift of soil-fertility. 
It is thus clear that in one and the same trial all the blocks need not be neces- 
sarily of the same shape. 


TYPE 


Fig. 2. Different types of arrangonients (I-IV) of six 
blocks of nine plots each 


The analyses of variance for the different types of blocks in the two 
divisions ‘ A ’ and ' B ’ are given in Table TI. 

Table II 

A nalysis of variance of plot yields of different types of arrangements {six blocks 

of nine plots each) 


Division A 


* Significant at 1 per cent level 


:i' ■ 

1 Between blocks , 

5 1 

9-67 

1-934 

1-13 

67-8 


I Within blocks . 

■■ 48 

82-35 1 

1-716 



, II (a) 

1 Between blocks . 

5 

30-89 i 

6 -178 

4-85* 

91-3 

I Within blocks 

■ ■■ ■] 

48 

61-13 

1-274 

i 



Type of 

Source of 

Degrees of 

Sum of 

I Mean 

Batio of Belative 

arrange- 

ment 

variation 

freedom 

squares 

square 

variances efficiency 
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Table ll- 


Typo 

of 

Source of 

Degree of 

Sum of 

. Mr'an ■ 

: Ratio of 

Relative 

arrange-* 

variation 

freedom 

squares 

squari's 

variances 

efiieiency 

ment 









Division A 

— contd. 




n ( 6 ) 

Between blocks . 

6 

46-46 

9-092 

9 - 37 ‘*‘ 

119-9 

Within blocks 

48 

46-56 

0-970 



III 

Between blocks . 

5 

36^20 

7*240 

6 - 23 * 

■ " 100-0 

Within blocks . 

48 

66-82 

1-163 



IV 

Between blocks . 

5 

48-16 

9-632 

10 - 64 * 

' 127-2 

Within blocks 

48 

43-86 

0-914 





Division B 




I 

Between blocks . 

5 

1-43 

1 ' 0-286 ^ 

0-116 ; 

37 •4 


Within blocks . 

48 

118-27 

1 . . 2-464 ■; 



II (a) 

Between blocks . 

6 

80-81 

16-162 : 

20 - 00 * ! 

113-8 

Within blocks . 

48 

38-89 

0*870 



n ( 6 ) 

Between blocks . 

5 

83-69 

i 16-718 

22 - 23 * ! 

122-6 

Within blocks . 

48 

36*11 

1 0-762 


1 

m 

Between blocks . 

5 . ■ 

76-46 

15-092 

1 16 - 37 * 

■ 100-0 


Within blocks . 

48 - ' . 

44 - 24 : 

0-922 



IV 

Between blocks , 

. ■ '6 

85-03 

17-006 

' 23 - eo * 

* 127-7 


Within blocks 

48 

34-67 

0-722 

! ■■ , 

1 ■: ■ 

1 


^Significant at 1 per cent level 


The above conclusion has been derived by considering the entire area as 
one piece of land. But, as has already been mentioned, it was i)roposcd to lay 
out two different types of experiment on this land, the trials with organic 
manures to be confined to the first fifty~six plots and tliose with, tlie artificials 
to the remaining eighty-four. Considering the area occupied by these plots 
under the two sets of trials separately, it will be interesting to see how for, by 
arranging the blocks in a number of ways, the above conclusions arrived at 
from a consideration of the entire area as a whole can be borne out with res- 
pect to each of the two pieces of land sej)arately. The area under trial with 
artificials was designed to include fourteen treatments with six replicatioiiSi 
It is possible to arrange the six blocks of fourteen plots each in a number of 
ways of which four types are shown in Fig. 3. The analyses of variance of the 
four types of arrangements are given in Table III. 



Fig. 3. Difterent types of arrangements (I- IV) of six blocks of 14 plots each 

(artificial series) 

Table III 

Analysis of variance of plot yields of different types of arrangements (six blocks 

of fourteen plots each) 


Type of 
arrange- 
ment 

Source of 
variation 

Degrees of 
fx'eeclom’ 

1 Sum of 
squares 

Mean 

square 

Ratio of 
variances 

; Relative 

I efiicieney 

I 

Between blocks 

5 

43*70 

8*740 

19*00* 

155*0 


Witbin blocks 

78 

35*85 

0*460 

i 


II 

Between blocks 

5 

32-62 

6*520 

10*83* 

118*5 


Within blocks 

78 

46-93 

0*602 



III 

Between blocks 

5 

23*96 

4*790 

6-72* 

100*0 


Within blocks 

78 ! 

55*59 

0-713 



IV 

Between blocks 

5 

56*71 

11*340 

38*84* 

244*2 


Within blocks 

78 

22*84 

0*292 




* Significant at I per cent level 


; It will be seen, that type III represents the most compact form of blocks 

which could be arranged on this piece of land and type I the least . In type IV 
I the compactness has been introduced after taking into consideration the drift 

of soil-fertility and thus, of the six blocks, whereas four are as compact as 
possible, the remaining two are long and narrow ones with their lengths 
running parallel to the drift of soil fertility. The remaining (type II) gives 
some compactness but not as much as type III. 

: The figures for relative efficiency given in the last column (Table III) show 

that whereas type III is the most compact form of arrangement yet its efficiency 
is the least of all. Type IV has proved to be the most efficient of all the 
arrangements considered and as compared with the most compact form it is 
^ nearly two-and-a-half times more efficient^ 
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Considering the area reserved for trials with organic manures the three 
types of arrangements considered are given in Fig. 4. 


■•ryPE I . TYPE II VIKE 

Fig. 4. Different types of arrangements (I- III) of eight blocks of seven plots each 

(organic >sori0S) 

The analyses of variance for these three types are given in Table IV. 

Table IV 

Amlysia of variance of plot yields of different types of arrangements {eight 
blocks of seven plots each) 


Source of 
variation 


lYpe of 
arrange- 
ment 


Organic mrim 


Between blocks 
Within blocks 


Between blocks 
Within blocks 


* Significant at 1 per cent level 

Here also the conclusions arrived at from a considoration of the area 
reserved for trials with artificial manures are fully borne out. When all the 
blocks are kept long and narrow, the relative efficiency is the lowest. On the 
other hand when all these eight blocks are made compact th<* efficiency in- 
creases appreciably. The greatest increase, however, takes phice when the two 
blocks affected by the water-duct are kept long and narrow and the remaining 
six made compact. 

The above discussion clearly shows that to increase the preiusion of tlie 
experiment compactness of the blocks is of use only wlien it results in making 
the area within the blocks more uniform than it wotdd be otherwise. If by 
making the blocks compact the area included within any one of i hcBC bec^omes 
more heterogeneous than otherwise, it is better not to attempt such a eoinpreb- 
sion. It is no disadvantage if the shape of all the blocks included in a trial is 
not similar. Whatever may be the shape of the blocks, the only point to be 
aimed at should be that the land within the blocks is as uniform as possible* 


II 

Between blocks 

7 

46 -68 

6-670 

6 •76’^ 

100 


Within blocks 

48 

47-35 

0*9S7' 
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Summary 

1. The results of a soil-uniformity trial with chari grown at the Rawal- 
pindi Agricultural Station have been presented and considered in a number of 

2. Fertility contours indicating variations in soil-fertility met with on tins 
piece of land have been drawn. 

3. The drift of soil-fertility indicated by the fertility contours has been 
confirmed by analysing the plot yields in the form of a Latin square. 

4. The suggestion that the precision of the experiment could be consider- 
ably increased if the blocks were made as compact as possible has been examined 
in detail and it has been shown that compactness does not always result in 
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A NOTE ON THE DESIGN AND ANALYSIS OF COMPACT 
EXPERIMENTS WITH THREE OR FOUR 
RESTRICTIONS 


BY 


P. V. KRISHNA IYER, M.A. 

AND 

SUDHIRCHANDRA SEN, M.Sc. 

Imperial Agricidtwal Research InstiUite, New Delhi 
(Received for publication on 26 March 1940) 

Inteoddction 

P ATERSON [1933] in dealing with the modifications of Latin square gives a 
type of layout, called ‘ magic square’, in which every treatment occurs once 
in each row, once in each column and once in each quarter. ‘ The statistical 
methods ’, he says, ‘ are the same as those described for the randomised block 
or Latin square layout. The sums of squares due to similar groups of plots, 
e.g. blocks, rows, columns, sections, treatments, etc., are subtracted from 
the total sum of squares for all plots, leaving a residual sura of squares and 
the residual number of degrees of freedom on which the measure of significance 
depends ’. The method given by Paterson for the analysis of compact experi- 
ments involving more than two restrictions is too brief and is not clear regard- 
ing the orthogonal aspects of the various items involved in the analysis of 
variance of such experiments. This note illustrates the method of analysis 
for such layouts. 

Matbbial 


A manurial experiment, consisting of twelve treatments, each replicated 
six times and laid out in a compact block in such a way as to effect elimination 
for soil-heterogeneity in three different ways, has been utilised for the pui'pose 
of illustration. The experiment was conducted in kharif 1939, and maize was 
grown to see the manurial effect. 

The plan of the layout together with the yield of corn and the three rest- 
rictions imposed on the same layout are given below : — 
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Plan of the layout and yield of com in lb. 
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Arrangement II 
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Arrangement III 
Method OP ANALYSIS 

The sums of squares for blocks for arrangements I and II shown above are 
calculated separately in the usual way, each having five degrees of freedom. 
The sum of squares for blocks for arrangement III is not orthogonal with those 
for I and 11. On a careful examination, it will be found that the sum of squares 
for arrangement III includes portions of the sums of squares which have al- 
ready been included in arrangements I and II, viz. sum of squares for sections 
a and b and sum of squares for sections (S, d and e respectively shown in the 
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^ TE,i<. thp actual elimination for soil-heterogeneity ^ 

(Ws. . 

imposing lv_ 255-5608 (s. s. for sections c, d and e)=25 170 

*+2^. 2 degrees «f teao”- ’'■'e «»"> ^ 

“The SS of the analysis of Toilance is as follows. 

Analysis of mrimm 


Mean 

square 


Bum 

of 

square 


Variance due to 


freedom 


Restriction I 
Restriction II 
Restriction III 


Treatments 


Res dual error 


Total 


Thus the effect of treatments can be judgt>d with greater precision 
i-nodified layout than in the ordinary randomized block layouts. 

I? the Example cited above, three restrictions have been imposed 
lavout. Another layout with four restrictions is given btdow^ 


Arrangement I 


Arrangement II 


V] 
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Arrangement III 
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Arrangement IV 


The analysis is done on the same lines as the one with three restrictions. 
The sums of squares for arrangements I, II and III are calculated in the same 
way as discussed in the previous example. The sum of squares for arrangement 
IV is equal to total sum of squares for IV— sum of squares for sections 
and A— sum of squares for sections i and the degrees of freedom being 5 — 
(2 +1) or 2. The analysis of variance table showing the degrees of freedom for 


the various items is given below 

Variance due to Degrees 

of 

freedom 

Restriction I 5 

Restriction II 5 

Restriction III 2 

Restriction IV 2 

Treatments 11 

Residual error 46 

Total 71 


Maximum numbek of eestrictions and designs 
It will be of interest to note that the maximum number of restrictions 
that can be imposed on a certain layout is dependent on the number of 
replications and the number of treatments. The following table gives the 
ma x irmim n um ber of restrictions with difierent numbers of replications and 
treatments, each block being a compact rectangular unit. 
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Number 

iiiimber •, 

roplications: , 

‘ restrictions 


Number of treatments 


The lay-out for four treatments, replicated four time: 
tions, can be formed without much difficulty, and the pi 
a design involving six ti-eatraents, each replicated six 1 
triotions. 


Plan sb owing six treatments witVi four rostrietions 

For an experiment involving six treatments, it is possible to have _ x 
1936 designs with four restrictions. The method of forming any one of them 
is described below. For convenience, this method, wliic-h is applicable to 
all the cases, is discussed with special reference to the arrangement shown in 
the plan above. The six treatments which are represented by the letters a,b, 
e., d, e and / can be arranged in j 6 ways, and the first row can be any one of 
them. Taking the first row as a bade. /, the second row can be arranged in 
2* ways after taking into consideration the fact that the letters d and c should 
not occupy the third and fourth columns of the second row. Out of these 2^ 
arrangements, let us take the one shown in the second row of the above plan, 
viz. d ef ab c. When once the first two rows are fixed, the columns 1 and 2, 

3 and 4, and 5 and 6 of the third row can be filled up only by three specific 
pairs of letters. In the plan shown above, they are cf,he, and a d, and it is 
evident that they can be permuted in 2® ways. Now coming to the fourth row, 
the first and the second halves are e a d and c / 6. Since a or d and c or / 
cannot occupy the first and the sixth columas respectively, c and b are fixed 
at those places. In the general case, two columns of the fourth row, one on 
each half of the row are fixed. After fixing e and b, a and d (of the fourth row) 
can be put in 2 ways, and one of the arrangements, viz. a d is taken here. 
The letters coming below e and b in the two remaining rows can be taken in 

4 ways, and in this particular case, we have taken 6 / and e a. The letters at 
the second and third columns of the fifth and sixth rows, viz. c a and d e can 
be filled up easily at this stage, and the remaining six letters, viz. cf, f d and 
h c get automatically fixed satisfying the required conditions. 

The design for the layout involving twelve treatments can he had from 
the same layout by replacing each of the letters a, b, c, d, e and / by «i, . 



The paper deals with the design and the method of statistical analysis of 
compact experiments with three and four restrictions. It is not recommended 
that experimenters should adopt such designs in general, but in cases where 
an increased precision is expected by such a layout, the correct analysis 
should be as indicated in this paper. 

BEFEBENCE 

Paterson, D, D. (1933). Trop, Agric. 10, 303-17 


SXTMMABY 


2 ; Cl, Ca ; (ii, dig ; 61, 62 and/i, /a respectively, a^, a^. /i,/a being 

the twelve treatments. It may be mentioned that the treatments within 
each of the six groups (i.e., eii, ; 61, 62 /uA) should be randomized 

separately. 

The layouts for the other experiments involving eighteen, twenty -four, 
thirty, thirty-six, etc. treatments can be formed on the lines indicated above 
by dividing them into groups of three, four, five, six, etc. treatments respect ■ 
ively. 


NOTES 


NOTICE NO. F. 1-9 (5)/40-A, DATED THE 19 JULY 1940 
ISSUED BY THE GrOVERNMENT OF INDIA, IN 
' THE DEPARTMENT OF EDUCATION 
HEALTH AND LxANDS 

I T is notified for general information that an Order similar to the Importa- 
tion of Plants (Amendment) Order of 1940, dated April 10. 1940, 
issued by the Ministry of Agriculture and Fisheries, London, \vhi<‘h was 
published with this Department notification No. P. 1-9 (3)/40-A., dated the 
29th May, 1940, has been issued by the Secretary of State for Scotland and 
came into operation on the 1st May, 1940. 


1 [: ;,ii; 



NOTICE 2 OF 1940— APRIL TO JUNE 1940 

T he following plant quarantine regulations and import restrictions have 
been received in the Imperial Council of Agriculture Research. Those 
interested are advised to apply to the Secretary, Imperial Council of Agri- 
cultural Research, New Delhi, for loan. 

I. List oe Uniteb States Depaktment of AGmcunTxrKE, Bureau of 
Entomology and Plant Quaijantine Services and Regci^atoey 
Announcements 

1. Quarantine and other official announcements : — 

(i) Mexican Fruitfly Quarantine— modification of regulations. 

(ii) Pink Bollworm Quarantine— modification of regulations. 

2. Summaries of plant quarantine, import restrictions : — 

(i) Union of South Africa—restrictions on tlie importation of potatoes. 
{ii) United Kingdom of Great Britain — revision of the digest. 

(m) Republic of Cuba— White-fringed beetle— importation of certain 
products prohibited from infested areas. 

(iv) Republic of Mexico — Amendment to Exterior Quarantine No. 12. 

Abrogated— Alfalfa seed from Muma country, AriKona. 

(v) Kingdom of Egypt — ^importation of certain fruits and plants 
prohibited. 

3. Service and Reqvdatory Announcements. — ^Index, 193fi. 

II. Other Regulations. 

1. Iraq. — ^Importation of Plants Law No. 31 for 193R. 

2. Colony and Protectorate of Kenya : — 

(i) Plant Protection Ordnance, 1937 — ^Rules, 

(ii) Government Notices Nos. 969 & 970, 

(Hi) Amendment of Schedules. 
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PEIZE FOE A DESIGN OF AN IMPEOVED AGEICUL^ 
TUEAL IMPLEMENT OE MACHINE 

I N order to encourage inventors to improve existing implements of culti- 
vation and to design new implements and machines better suited to 
Punjab conditions and within the power of the average cultivator to pur- 
chase, the Punjab Government has instituted a scheme of prizes for a suit- 
able design of a particular improved agricultural implement or machine. 
These prizes are open to all (including Government servants) irrespective of 
nationality. 

Last year a prize of Rs. 3,000 was offered for a simple and cheap Win- 
nower to separate blmsa from grain after the wheat crop has been trampled 
out by bullocks. None of the entries received in competition was considered 
to be free from defects, but for the most promising entry, in the opinion of 
the Judging Committee, Government awarded a sum of Rs. 1,000 to Messrs. 
H. T. Satterford, Superintendent of Workshops, Punjab College of Engineer- 
ing and Technology, Moghalpura, Lahore, and Lekh Singh, Overseer, Punjab 
Agricultural Engineering Section, Lyallpur, for their design of pedaldriven 
machine. This design is now being improved and in due course it is intended 
to arrange for the manufacture of the machine on a mass-production basis. 

This year another prize of Rs. 3,000 has been advertised for a suitable 
design of a cheap, bullock-drawn, automatic, multiple-row sowing drill, 
entries for which should reach the Director of Agriculture, Punjab, by the 
30 September 1940 at latest. 
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The breeding of herbage plants in Scandinavia and Finland. (.Joint PiibKmlimi 

No. & of the. Imperial AgrimUural Burcxmx.) Pp. !2-l. Prifc 4i‘. 

A rrangements have been made between the various Imperial Agi'i- 
cultural Bureaux whereby any publication upon the preparation of 
which two or more Bureaux collaborate shall he incliuhal in a iimv series 
entitled Joint Publications. It has been decided 1o i-cifiird (he earlier Joint 
Publications on ‘ Venmlimtionandphmicdemhpjnent of p/airl.'i ’ and ‘ Eronion 
and soil conservation as Nos. 1 and 2 in this series. Oi lier Joint Publica- 
tions produced in recent years but already out of print have not been given 
numbers in the series. 

The Imperial Bureau of Plant Breeding and Genetics and tht^ Imperial 
Bureau of Pastures and Forage Crops have now ))ro<hi(;ed .loint Publicatimi 
No. 3, entitled ‘ The breeding of herbage plants in Ncandinariu and Finland \ 
It is a symposium consisting of a series of articles In' acknow ledged specialists 
in the respective countries. G. Nilsson- Leissner, F. Xils.son, E. Akerberg 
and R. Torssell contribute articles on work in 8wedcn. H. N. Frandsen, 
H. Wexelsen and 0. Pohjakallio on Denmark. Norway and Finland respec- 
tively. 

Each article reviews recent developments in the eount ries concerned, 
including details of the most recent improved strains of grasses, clovers and 
lucerne, and the methods used in producing them, as well as a contribution 
on the application of cytology to herbage plant breeding. 'I'he articles vary 
from 5 to 36 pages in length and are mostly guile detailed, each being pro- 
vided with a mass of tabular data and selected bibliographie.s. The Scandina- 
vian countries are recognized authorities on grassland and lirw^ding problems 
and the bulletin provides an invaluable outline of achievements up to date. 
This is made specially clear by a useful summar}^ of the entrie contents of 
the bulletin which appears at the beginning, before the presentation of the 
individual articles. Another useful feature is the prevision of a list of addres- 
ses of the research stations concerned and of map.s illu.st rating their locality. 

The bulletin covers 124 pages and is obtainable from either Bureau at 
the moderate price of 4s. Standing ordens for Joint Publications should be 
placed with the Secretary, Imperial Agricultural Biitt'aiix, 2 Queen Aimc’s 
Gate Buildings, London, S. W. 1. Wherever any Empire country orders 
bulk supplies direct from the Bureau in one order (i.e. 60 copies or more) 
a -discount of 25 per cent will he allowed. 
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ORIGINAL ARTICLES 

THE GENUS^ 

V. FU8ARIUM UDUM BUTLEB, F. VASINFECTUM ATK. AND 
F. LATFBITIUM ^EES YAR. UNOINATUM WE. 

BY 

G. WATTS PADWICK 

Imperial Mycologist^ Imperial Agricultural Research Institute^ New Delhi 
(Beceived for publication on 16 April 1940) 

(With Plates XXXIX-XLl) 

IXTBODUOTIOX 

I N the preceding paper of this series [Padwick, Mitra and Mehta, 1940] 
it was shown that a considerable number of isolates of Fusarium causing 
wilt of cotton {Gossypium sp.), pigeon-pea (Cajanus cajan) and sunn-hemp 
{Crotalaria juncea) are highly specialised as regards their host relations. It 
was early appreciated by the author that to have a sound understanding of 
the genus Fusarium the first essential is the systematic study under defined 
conditions of a large number of isolates, combined, where possible, with patho- 
genicity tests. The isolates referred to in the preceding paper formed the 
material for a study, in a systematic manner, of the morphology and cultural 
characters of these wilt-causing organisms. 

CULTUEAL CHAEACTEES OF THE WILT -CAUSING FUKOI 

The fungi were grown on the following media ; — 

(1) Potato dextrose agar, 2 per cent [Wollenweber elal., 1925] 

(2) Brown’s agar [Brown, 1925] 

(3) Brown’s starch agar [Brown, 1925] 

(4) Steamed rice [Wollenweber a?., 1925] 

All the cultures used in the pathogenicity test described in Part IV of 
this series were grown on agar slants of the above media, in triplicate, at 
30®C. The work was done concurrently with starting the pathogenicity 
test. As it was seen that some of the cultures were non-pathogenic or failed 
to produce wilt, the number of cultures was reduced for the second study of 
cultural characters, at 20®C. 

Observations on the colours produced in the aerial mycelium and on the 
surface of the substrate, or ‘ stroma were made on the 10th day and again 
on the 20th day of growth. The remaining notes were made on the 21st 
to 24th days. 

Nothing would be gained by giving here all the data accumulated, but 
since a standard method of recording has been established for all Fusarium 
cultural studies, this may be briefly described. Standard typed forms are 
used, with a space for notes on every character commonly used in identifying 
Fusaria, In this way only is it possible to escape the criticism that can be 
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namely, that certain characters which the worker may happen to think unim- 
portant for the particular species coneernedare neglected. Each character, such 
as colour of aerial mycelium, colour of surface cjf substrate, abiindance of 
aerial mycelium, sclerotia, type of fruiting structures, type of conidia in pion- 
notes or sporodochia, type of conidia in aerial mycelium, etc. is recorded 
separately for each culture. The observations on all the cultures in the experi- 
ment, and on all the media, are recorded for one character at a time, and the 
next character is disregarded until the previous one has been completed for 
all the cultures. Thus the characters which have to be described in arbitrary 
terms are fairly comparable for each culture in the experiment and such terms 
as ‘ few ‘ abundant ‘ thin ‘ thick ’, ‘ distinct ’, ‘ indistinct ’, ‘ rough’, 

‘ smooth ‘ warty ’, etc. have a real significance, the personal factor being 
minimised as far as possible. Colours are all recorded according to the 
nomenclature of Ridgway [1912]. Conidial characters are examined in water 
mounts at a magnification of 600. In most cases the descriptions of the 
spores are accompanied by rough sketches, which are especially useful in 
indicating the degree of curvature. In cases where ehlamydospores or other 
structures are not found, it is usual to examine two or three slides from each 
tube of the triplicate series before recording the structures as absent. It is 
usual to record the colours, the abundance of aerial mycelium, the presence or 
absence of sclerotia, and the type of ehlamydospores on all media, but the 
characters requiring minute microscopic examination, chiefly the kinds of 
conidia, cannot always bo described thus, and in this case it is the practice to 
complete the data for potato dextrose agar at least, as this medium has been 
found rather more reliable than the others, being the one most commonly 
associated with ‘ Normkulture Brown’s media are often found disappoint- 
ing in this respect. 

In Table I are recorded in the most concise manner possible all the charac- 
ters in which the various wilt fungi differed appreciably. The identity of each 
culture as Fusarium udum Butler {F. Butleri Wr.) [Butler, 1910] or F'ltsarkm 
vasinfectum Atk. [Atkinson, 1892, with the help of the emended descriptions 
of WoUenweber and Reinking, 1936] may he concluded without great difficulty 
from this table. 

Fungi causing cotton wilt 

F 25. — ^Both in spore shape (tapering to a point or rounded) and 
colour on rice (dull violet black with potassium hydroxide and 
deep hellebore red with hydrochloric acid) this culture is typical 
of Fusarium vasinfectum. 

F 147.— The spores of this culture are again typical of Fusarium 
vasinfectum. There is a slight drabness of colour not quite 
normal for this species. 

Fwn^i causing pigeon-pea wilt 

F 2. — ^With its hooked macrospores home in a pionnotal slime, and 
its brilliant yellow and orange hues on rice, this fungus is extra- 
ordinarily reminiscent of F. udum as described by Butler, bht 
has no true ehlamydospores, ’ 
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Table I 

Morphological and cultural characters of fungi causing wilt of cotton, pigeon-pea and sunn-hemp 
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No characteristic sporing P. B. A. (T. and I. few), 
structures Hyjdial swellings only 

observed on Brown’s agar 
and rice 


hydrangea pink 


Cinnamon brown and No characteristic sporing 
pale vinaceous pink structures 


Picric yellow and apricot 
orange 


g j P, D. A. (T. and L few) 
I Brown's agar (T. and L 
few) 

/ Brown’s starch agar (T. 
and I rare) 

F. B. A.) <T. and X, 
moderate) 

Brown’s agar (T* and I. 
moderate) 

Brown’s starch agar (I, 

. rare) . ■ ■ ■ ' 

Nolle.,, Hyphal swellings 
only observed on 
Brown’s starch agar 
P. B. A. <T. and 1. 
moderate) 

Hyplial swellings only on 
Brown’s agar and 
Brown’s starch agar 
P. D. A. (T. arid I. 
rare) 

Brown’s starch agar 
(T, and I. few) 

P- B. A. (T. and I, 

I moderate) 


Naphthalene yellow . Naplithalene yellow 


Barlmn yellow and 
apricot orange 


Barium yellow and 
aiU'icot orange 


No characteristic spore Bo. 

masses, l)ut some isolated 
salmon-buff spore masses 
on other media 

Abundant salmon-bnff spore P. D. A. (T. and I. abundant), 
masses Hyphal swellings only on 

Brown’s agar and Brown’s 
starch agar 


Naphthalene yellow 


! Citron yellow apricot 
orange, anthracene 
purple 

Barium yellow, apricot 
buff, naphthalene violet, 
chestnut brown 

Anthracene purple 


Vinaceous and dark 
mineral red 


Amber yellow, apricot i 
orange,, citron yellow, i 
coriiithlan pink i 


Naphthalene yellow 

Citron yellow, apricot 
orange, anthracene 
purple 

Barium yellow, apricot 
• buff and dull violet black 

DuH violet black 

Bull violet black 


I Naphthalene yellow 

Citron yellow, apricot 
orange, anthracene 
‘ purple 

; Barium yellow, apricot 
buff, naphthalene violet, 
1 chestnut brown 

Anthracene purple 


Bo. 

Ivory yellow spore masses 


Hyphal swellings only on 
P. D. A. and Brown’s agar 

P. B. A. (I. few). Bice (T. 
and I. few) 


Do. 

0—3 

Rounded, 

often bent . 

Do. 

1 Pale pinkish cinnamon 

1 pionnotal slima 

P. D. A. (T. and L 
moderate) 

Do. 

0—3 


Do. 

Do. 

Bo. 

P. p. A. (T. and I. 
moderate) 

Brown’s starch agar 
(T. rare) 

Do. 

0—3 


Do. 

Do. 

.■Do.' . ■■ 1 

Hyphal swellings only on 
Brown’s agar and 

Brown’s starch agar 

Do. 

0—3 


Do, 

Do. 

Do. 

Hyphal swellings only 
on Brown’s agar 

Do. 

0—3 


Do. 

Do. 

Bo. 

Do. 

Do. 

0—3 

Hooked 


Do. 

Tilleiil buff pionnotal 
slime 

None. 


Vinaceous pink spore masses P. B. A. (T- and I. few) 

Salmon buff spore masses Brown’s stxirch agar (T, and I. 

abundant). Hyphal swel- 
lings only on Brown’s agar. 


Appeared to be forming 
pale fleshy sclerotia on 
rice 


Amber yellow, apricot 
orange, citron yellow, 
Corinthian pink. 


Vinaceous and dark Ochraceous buff spore masses P. B. A. (T. and L moderate). None 

mineral red Brown’s starch agar (T. and 

Im moderate). Bice (T. and 
L abundant), Hyphal 
swellings only on Brown’s 
a^r. , 

Amber yellow, apricot Light vinaceous cinnamon P. D. A, (T. and I. few) . Appeared to be foming 
orange, citron yellow, spore masses large pale fleshy 

Corinthian pink sclerotia on rice 


(0 — septate on Brown’s 
agiir) 


(0—1 septate on Bfown*? 
agar) 


Cream buff, apricot buff, Fale pinkHi cinnamon 
apricot orange and chest- pionnotal slime 
nut brown 


I Pale och’^aceouB buff, 
j apricot orange and 
chestnut brown 


P. B. A. (T. and 1. few). 
Brown’s starch agar ('fl , 
rare) 


Brown’s agar (T. and L 
1 moderate) 




— iypical F. udum except in lacking chlamydospores 
. — ^Typical F. udum. 

—Typical F. udum except in lacking chlamydospores. 

—The hooked spores, the colour on rice at 30°C. and the chlamy- 
dospores, are typical of F. udum. The pionnotes are paler. 
A striking characteristic is the production of an anthracene 
purple pigment on rice at 20°0. 

'.—The hooked spores in pionnotes and the chlamydospores are 
typical of F . udum. The cream buff and chestnut brown 
colours on rice at 30°C. and the naphthalene violet colour at 
20“C. do not conform_ with the original description of F. udum. 
■ '^dum in all other respects, the culture produces 

a striking anthracene purple pigment on rice at 20°O. becoming 
dull violet black with potassium hydroxide and unaltered with 
dilute hydrochloric acid, 
f. — Closely resembles F 139. 

Resembles F 139 but produces corinthian pink colour instead 
of anthracene purple on rice at 20°0. 

. — Similar to F 139. 

Similar to F 139 but chlamydospores terminal and rare. 

J.— Similar to F 139. 

— ^Typical F . udtm except in lacking chlamydospores and pro- 
ducing some dark mineral red pigment on rice at 30°C. 

. — Similar to F 174. 

.—Typical F. udum except in producing some dark mineral red 
pigment on rice at 30°0. 

—In colour production and chlamydospores true to F. udum, 
but producing only microspores and no pionnotes. 

—Typical F . udum except in producing Indian red and cinnamon 
rufous colours on rice at 30°O. 


Fungi causing sunn-hemp unit 

—In this culture the hooked spores are < 
are not produced in a pionnotal slime, but 
culture is true to F, udum. 
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F 19- —The '' apices of the spores' are , rounded or bhintly pointed. No 
colours are formed on rice at 2 0°C. and at 30®C. the dark vinace- 
ons colour of F, vctsinfectum occurs. There are no ehlamydos- 
Dores. Microconidia are produced in false heads on P. D. A. 

ksOT. 

F 26, — ^The colours and chlamydospores are typical of F. vdmn. 
No long spores are produced and piomiotes are absent. 

F 166. — ^The colours are fairly typical of tidufn at 30®C., but with 
the addition of some pale vinaceous pink. Golour is lacking 
at 20^0. Chlamydospores are also typical. No long spores 
are produced and the pionnotal slime, of microspores is,, pale 
instead of bright coloured. 

F 168. — The colours are typical of F. udum at 30°G. but lacking at 
' 20°C. Chlamydospores are correct foi F, udum. Long spores 

, . are lacking but microspores are produced in typical pionnotal 

slime. 

Fungi causing a low 'percentage of wilt 

Pigeon-pea 

F 3 . — Only three plants were wilted by this organism. The colours 
produced are nearer those of F. vasinfectum than F* udum. 
The sharply pointed spores and the well-developed foot-cell 
are not like F, udum. 

F 4. — The colours are not typical of F. tidum but as long spores are 
lacking and even microspores are rare, and the fungus was not 
grown at 20°C., a decision on identity of the fungus cannot now 
be reached. 

SUNN-HEMF 

F 167. — ^In colour and spore shape this culture much more closely 
resembles F. vasinfectum than F. tidum. Microconidia arc 
■ produced in false heads on P. I). A. at 30®C. 

F 169^ — ^The spores are bluntly pointed. The bright yellow and orange 
colours of F. udum are lacking. The anthracene purple and dark 
vinaceous brown colours and the reaction to potassium hydro- 
, ; yxide and hydrochloric acid are those of , the:,'purple-p,ig,mented 
: isolates of F, udum rather tharr . the' purples ,, typical, . of F, 
vasinfectum, ,which become distinctly red. with hydrocMoric .acid. 
Microconidia are produced in fiilse heads on P, D. A. at 30^0. 

F 170. — The culture produces no spores and the colours are typical 
of neither F. vaeinfectum nor F, udum. 

Cultures P 25 and P 147, causing cotton wilt, may be regarded as F. 
vasinfectum or one of its varieties or forms. All the cultures causing high 
percentage of pigeon-pea wilt are F. udum provided the form circle is en- 
larged sufficiently to include those forms producing anthracene purple or 
similar pigments, which change to dull violet black with potassium hydroxide, 
certain forms producing no chlamydospores, and forms producing fevr or no 
long-septate spores (certain of these produced them in a later experiment)* 
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TMs is a species with wide variation. If all these isolates are not to be 
regarded m F . udum, and instead specific rank is given to sixch characters as 
presence or absence of the anthracene pixrple pigment, presence or absence 
of terminal and intercaUary chlamydospores, relative proportions of short 
and long spores, presence or absence of a pionnotal slime, of sclerotia and so 
on, there will be almost as many species as there are isolates. 

It seems reasonable to regard also as F. udum, the cultures F 18, F 26, 
F 166 and F 168 which cause wilt of sunn-hemp, and a list of some of the more 
variable characters of this species, evident in the isolates here studied, is as 
follows; 

Colours on steamed f ice 

Barium yellow, picric yellow, naphthalene yellow, citron yellow, amber 
yellow, antimony yellow, mustard yellow, Naples yellow, pinard yellow, 
honey yellow, cream bujff, apricot buff, pale ochraceoxxs buff, warm buff, 
apricot orange, mars orange, light seal brown, chestnut brown, cinnamon 
rufous, hazel, coral pink, corinthian pink, sea-shell pink, pale vinaceous pink/ 
vinaceous, carnehan red, Indian red, dark mineral red, mars violet, Indian 
purple, anthracene purple, naphthalene violet, dull purplish black. Some 
cultures may lack colour entirely. The most striking colours are the bright 
yellows and oranges. 

Pionnotes 

Pionnotes may be absent, discrete or covering the surface of the medium 
as a thick slime, with the following colours: 

Ivory yellow, light vinaceous cinnamon, vinaceous cinnamon, pale 
pinkish cinnamon, salmon buff, ochraceous buff, tilluel buff, hydrangea 
pink, vinaceous pink. 

Gonidia 

Conidia may vary from entirely 0-septate spores in some cultures to 0-6 
septate in others. The longer spores are usually hooked at the end, the 
shorter ones are curved and sometimes bent almost at right angles in the 
middle. 

Chlamydospores 

Chlamydospores may be absent, few or abundant, but when present 
are both terminal and intercallary, and may be in chains or in groups. 

Sclerotia 

Sclerotia large and fleshy, either pale or dark in colour. 

The isolates F 3, F 4 and F 170 have been insxiificiently studied. Cul- 
tures F 19, F 167 and F 169, which cause a certain amount of sunn-hemp 
wilt, are quite different from both F. udum axSi F. vasinfectum. The bright 
yellow and orange colours of F. udum are lacking, the spores are never hooked, 
and are thick (the mean width of 50 spores of F 169 was nearly 40 per 
cent greater than the width of the widest spores of F. udum and F. vasinfectum, 
of which some hundreds were measured). 

The author was impressed by the likeness of many of the cultures which 
can best be regarded as typical F. udum to the fungus Fusarium lateritium 
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v&T. uncinatum Wr. as described by WoUenweber [1938], According to 
him these fungi difEer in the following characters : 

F.udum F. lateritium vax, uncinatum 

Spores sickle-shaped Spores hooked 

Produces ‘ orauge-bis ’ conidia. Produces saimon-coloured conidia 

produces orange colour on steamed rice Produces orange and yellow on steamod 
■ ■ .. . ■ - '. rice ' . 

Produces terminal chlamydospores Produces no terminal chlamydospores 

Belongs to section jE?Zegraws Belongs to section Lateritium 

A glance at Butler’s original drawings will show at once that, although 
many of his spores are sickle-shaped, several are distinctly hooked. It is the 
shorter spores that are sickle-shaped, the longer ones hooked, and some of 
the cultures studied by the author have been found to produce both kinds. 

Butler described the pionnotal stage as ‘ salmon-pink ’ only occasionally, 
on rice, orange-red. They are thus like those of F. lateritium var. uncmatum. 
It will be seen that the cultures examined varied considerably on rice. But 
a vital distinction should be in the chlamydospores. All the cultures des- 
cribed here either produced both terminal and intercallary chlamydospores 
or produced none at all. It is characteristic of the section Lateritium that 
its members produce no terminal chlamydospores, WoUenweber [1938], 
however, stated of JP. lateritium var. uncinatum that ‘ The chlamydospores 
form, in contrast to jB%a^5-Fusaria, if one disregards occasional exceptions'^ 
not terminaUy, hut intercaUary , more seldom single than in chains, and some- 
times in clusters 

Eelationship Bmw^m F.vasinfectvm Atk., F. udum Btjtl., F, latemitiom 
NeES VAB. Wb. ahd the boubteitl eobms 

A culture of F, lateritium Nees Ym. uncinatum Wr. was secured from 
the Centraalhureau voor Schimmelcultures, Baarn. It was considered neces- 
sary to include in the comparison typical cultures of Fusarium vasinfectum 
and its varieties and forms. These also were obtained from the Centraal- 
bureau. 

The final test of the validity of F. udum as a species would be to obtain 
an isolate of the fungus from Butler’s original material in the Herbarium 
Crypt. Ind. Orient. His original collection from Dehra Dun and in addition 
some plants artificially inoculated by Mm were available, and attempts were 
made to isolate the fungus. They were unsuccessful and the fungus is pro- 
bably dead. There is no culture of F. udum wMch has descended from 
Butler’s type culture. The herbarium specimens are unsuitable for compari- 
son. We are obliged to rely on his written description, 

F» udum, as stated above, seemed to differ from F. lateritium var. uncina- 
tum only in regard to chlamydospores, the latter fungus belonging to a group 
not producing terminal chlamydospores. It was therefore a matter of sur- 
prise when, on examining the type culture received from Baarn, it was found 
to have a considerable number of terminal as well as intercalary chlamydos- 
pores. 

Table II summarises the major differences in cultural characters of a 
selection of the more variable forms of F. udum, F. lateritium var, uncinatum 

italics are the author’s. 
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and j?. vasinfectiim with its varieties and forms, when grown on potato dextrose 
agar and steamed rice at 20°0, Plates XXXIX and XL give an idea of the 
range of colours produced on steamed rice by the three species. Camera 
lucida drawings of typical conidia are figured in Plate XLI, which also 
shows the development of terminal and intercallary chlamydospores of J. 
lateritiumre^r^uncinatum, 

DisctrssiOK 

Butler [1926] decided Fusarium udum, which he bad described earlier 
[Butler, 1910] as the cause of wilt of pigeon-pea, is a synonym oi Fusarkim vas 
infectum. His description [Butler, 1910] of Fusarium udum was as follows : 

‘ Mycelium parasitic within the roots of the host plant or saprophytic and then 
creeping, hyphae hyaline, slender, much branched, usually with little aerial growth j 
microeonidia of the Gephalosporium type, produced successively on the ends of short 
simple or clustered conidiophores and remaining bound in a drop of liquid after ab junc- 
tion, unicellular or with one or more septa, elliptical or falcate, hyaline singly, salmon 
pink in mass, occasionally developing from the surface of minute spherical stromata and 
then of the Tubercularia type, 5-15 X to 2-4pi in diameter ; microconidial stage in 
culture usually moist and bacteria-like, white to salmon -pink, occasionally (on rice) 
orange red, never green or purple ; macroconidia of the Fusarium type, formed as the 
microeonidia but on shorter conidiophores and becoming free as soon as abjuncted, fal- 
cate 3- to 5-septate, hyaline, 15-50 X 3-5[x in diameter, usually late in appearing; 
ch’amydospores, round or oval, rather thick-walled, hyaline, sometimes in short chains, 
5 to 10(x in diameter. 

Parasitic in roots of Gajanm indicus and saprophytic in soil, India.’ 

Butler’s argument [1926] for regarding I’, miwm as a synonym of F, 
vasmfectum webS of a rather indirect nature. The work described was done 
with cotton and Sesamum wilt fungi, not with the pigeon-pea organism, so 
that the comparison was between the Sesa7num fungus and F, vasinfectum of 
cotton, and the conclusion as far as it relates to F, ud^im appears to be indirect 
and to rest on the statement : V Furthermore, I have vainly endeavoured to 
find a true distinguishing character between the Sesamvm fungus and F, 
udum, described by me in 1910 as the cause of the pigeon-pea wilt in India.’ 

The argument runs as follows ^ ^ 

‘ Small has recently studied in great detail what he considers to be F* udum, which 
he found to be attacking a number of different plants in Uganda \Kqw Bull,, 1920, p. 321 ; 
1922, p. 269 ; 1925, p. 118]. Hence, though in India the strain of F. udum parasitic on 
pigeon-pea seems to be restricted to that host, in Uganda the morphologically and cul- 
turally similar fungus is capable of attacking not only pigeon-pea but a considerable 
number of other plants, and this strengthens the possibility that the sesamum parasite 
may be merely another strain of the same species. 

Fusarium udum itself was named without prejudice to the question whether it had 
not been previously included amongst the named members of the genus. The chief 
diagnostic characters were the pionnotal type of sporulation, the flesh to salmon-pink 
colour on many media with absence of blue colours, and the tubercular stromata on 
potato and plantain. Subsequent isolations at Pusa, however, showed that the first 
of these characters was not constant, some strains giving a copious aerial mycelium on, 
agar slants. ISTodular sclerotia also are now known to be commonly produced by many 
members of the genus and occur in both Fusarium cuhense and the sesamum parasite 
in which they are blue on potato but gradually turn pink if placed in lactic acid. Bessy’s 
conclusions that the red and blue colours are only chemical modifications of the same 
pigment has been substantiated by subsequent investigators, and there seems every 
probability that the blue or violet colours developed in F. cubeme and the sesamum 
fungus could also be produced by F, udum on suitable media. Small indeed [Kew 
BulL, 1922, p. 282] obtained a pale blue pigment in his strain in two cultures. 
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Recently, Hansford, confronted with the difficulty of distinguishing F. cubense in 
oultiire from many other strains of the Elegans section of the genus, has concluded that 
the present classification of the section is useless and that the conception of a species of 
Fmariummmt be broadened [Proo. 9th West Indian Agric, Conf., 1924, pp. 43-44, 1925]. 
He considers that it is preferable to regard all the Elegans forms which he has encountered 
as strains of a single species. With this view, my own observations are in harmony 
and 1 now regard P* tcdum and the two foims discussed in the present paper as strains of 
the same species. Furthermore, P. cubense is so similar to the sesamum fungus that 
it can scarcely be considered as a distinct species, either on morphological or cultural 
characters. It appears to possess strains differing in their selective parasitism, Musa 
cmendisMi hcing immune from it in the West Indies but susceptible in the Canaries. 
Finally, through P. cubense^ which both Brandes and Wollenweber have noted to be 
scarcely different from P. vasinfectum, one is led to include the latter in the group of 
closely allied strains. In so doing I have reversed my previous opinion [BepU Agric, 
Res. Inst, and Oolleget Pusa, 1913-14, p. 64, 1914] which was based on cultural differences 
between the American and Indian cotton wilt fungi, these differences being now regarded 
as being too inconsistant to be used as satisfactory criteria. 

Thus the wilt-producing fungi attacking cotton, sesamum and pigeon-pea in India 
may, in the writer’s opinion, best be considered to be strains of P. vasinfectum Atk., 
which itself may be merely a strain of one of the earlier described species of the genus. 

It appears as if Wollenweber has never been quite able to accept the 
view that Fusarium udnm is synonymous with P, vasinfectum. In his most 
recent paper on the subject [Wollenweber, 1938] he has given a number of 
characters by which Fusarium udum may be distinguished from Fusarium 
vasinfectum Atk. and has listed also the distinguishing characters of F. lateri- 
Hum var. uncinatum Wr., another species which is considered to cause a rather 
different disease. The researches described by the author have shown that 
both F. laterUium var. uncinatum and Butler’s P. udum have hooked spores, 
both produce, in some isolates at least, salmon-coloured pionnotes,. and on 
rice some isolates of both produce a yellow as w^ell as an orange pigment. 
Formation of chlamydospores is a highly variable character, but F. lateritium 
var. uncinatum, as well as P. can form both terminal and intercallary 

ones (Plate XLI). It is noteworthy that P. lateritium uncinatum is placed 
in the key by Wollenweber and Reinking [1935] in the group with micro conidia 
normally present, whereas F . lateritium belongs to the group with small 
conidia normally absent or one- to more-celled. This characteristic coupled 
with the type of chlamydospores produced places P. lateritium var. uncinatum 
in the section Elegans. Yet the hooked spores and the pigmentation ad- 
mittedly resemble more closely those of the section Lateritium. Thus while 
the evidence appears overwhelming F . lateritium var. uncinatum W'r. 
is a synonym of P. udum Butler, it is not a simple matter to decide whether or 
not the fungus should be regarded as a true member of the section Elegans or 
whether the dividing line between these two sections is made indistinguishable 
by this more or less intermediate form. 

We may at this point consider the suggestion of Wollenweber [1913] 
that Butler’s Fusarium udum is invalid and the proposal of the name P. Butleri 
for this species. As a footnote he wrote ‘ I propose the name P. Butleri for 
this species, because the nmie F. udum has almciy been used by Berkeley 
[1841] and refers to a distinct old species, well-known by its pionnotes stage 
covering the cut surface of oak, elm and other trees. It is also found on Irish 
potatoes, tulip bulbs and in the soil. It was temporarily transferred by 
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Saccardo [1886] to the genus which, however, has no sound mor- 

phological basis [Appel and Wollenweber, Gmiidlagen. ....... . J910].’ 

Berkeley’s fungus was nsmed Ftisisporium udum, not Fusarium udmn: In 
1886 this was changed by Saccardo to Pionnotes uda (Berk.) Sacc. Pion- 
notes was combined with P'waafwm. by Appel and Wollenweber only in 1910, 
after Butler had named udum^ though in the same year. Thus 
Fusarium udum (Berk.) Wr. is a non-valid homonym and on that account 
Fusarium udum ButVoa^xmot ho Tojeoted in imouT of F. Butleri. 

Next, is J. udum to be regarded as a distinct species, or is it to be merged 
with F. vasinfectum t It is seen that the highly pathogenic isolates are 
rather distantly removed from J. vasinfectum. The only reason for merging 
F. udum and F, vasinfectum would he that a complete range of intermediate 
forms existed. Although the cultures vary considerably, there is no evidence 
at present to suggest that such a complete range could be demonstrated , 
A thorough comparison has been made of typical variants of P. udum, with 
all varieties and forms of F. vasinfectum. In colour and spore form they 
comprise a group which, though variable, does not appear at its extreme 
limits to overlap F, udum, either as regards the hooked conidia or the pig- 
ments produced. Por the time being, at any rate, the two species should 
be regarded as distinct. 

The significance of these conclusions may he considered in relation to 
the pathological aspect, Butler in 1910 described F. udum in its narrower 
sense, and as late as 1918 he held the view that this fungus was restricted 
to pigeon-pea as a host. In 1926 he merged the species with F. vasinfectum. 
He may not have realised it at the time, but he was to a large extent widening 
the conception of F. vasinfectum, not only to include a different species, but 
perhaps to include a species which might even not belong to the section 
Elegans at all. Possibly other workers at the same time also had a wide 
conception of the species F. udum. Particularly is this true of the work of 
Small. In 1925 Small crystallised his ideas on this fungus, and decided that 
its pathogenicity depends less on the strain of the fungus and the presence 
of a possible host plant than on the environmental conditions under which the 
fungus comes into contact with its host. With regard to the cultural charac- 
ters of the fungus he says ‘ emphasis may be laid on the constant nature and 
dirty- or creamy -yellow colour of the pionnotes/ Finally, of its taxonomic 
position he concludes ' The F. udum of these notes is also distinct from F, 
udum (Berk.) Wr. and from Sherbakoff ’s variety solani of the species, and 
while it resembles F, striatum in many points, particularly in the typical 
presence of pseudo-pionnotes, it remains nearer to F, radicicolaJ F. mdi- 
cicola is now regarded by Wollenweber and Reinking [1935] as a variet 3 r of 
F. javanicum, which is a member of the section Martiella, having spores with 
much thicker and more durable cell walls and septations than those of the 
members of the section Elegans. The colours of the fungus and of its spore- 
masses, judged by the rather meagre description given by Small, do not 
resemble the colours typical of F. udum. F. javanicum var. radicicola is 
a cause of potato tuber-rotting in America, and Small found his fungus to 
be so in Uganda. Experiments conducted at the Imperial Agricultural 
Research Institute have failed to demonstrate that F. udum can cause rotting 
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^ of tubers. On tlie whole, it seems probable that Small was working with a 

fungus or fungi distinct from Butler’s F, udiim and more closely related to 
culture B 169 of this work, which may be a member of the section MartieHa. 

At present it is not clear whether WoUenweber’s isolate of F, udum differs 
from those obtained by the author in respect of its pathogenicity. Wollen- 
weber describes the fungus as a foot-rot organism. The author’s isolates 
produce a true wilt, but in the plants which are killed in the seedling stage 
I a considerable amount of rotting of the cortex also occurs. It may be noted 

that the first occurrence of ^ wilt ’ in WoUenweber’s experiments was when 
the plants were nine weeks old. This is certainly not typical of a foot-rot 
disease as understood in the Fusarium foot-rots of other crops, which usually 
^ show the symptoms in the very young stages. Butler [1910], describing his 

culture solution experiments, found that in the roots above the level of the 
solution the fungus ‘ led to browning of the cortical cells, visible externally as 
a distinct brown mark at the point of inoculation His figure (Plate II, fig. 1) 
certainly suggests that although the fungus is primarily a vascular invader 
it is capable also of rotting the roots. The point can only be settled by ino- 
culation experiments. 

It is proposed to call the wilt organism of Gajanus cajan ^ Fusarium udum 
I Butl. var. ccyam ’ and that of Crotalaria juncea ^ Fusarium udum Butl. var. 

crotalariae" 

1 ; , ' 

^ SUMMAEY 



(1) This paper deals with the identity of a number of isolates of jFwarmm. 

capable of causing wilt of cotton {Oossypmm sp.), pigeon-pea {Gajanus cajan) 

and sunn-hemp {Grotalaria juncea). ' J 

(2) The fungi were grown on 2 per cent potato dextrose agar. Brown’s 

agar, Brown’s starch agar and steamed rice, and compared for all important n 

cultural characteristics. 

(3) The cultures which cause typical wilt of high percentages of pigeon- 

pea and sunn-hemp were found to differ from Fusarium vasinfectum Atk. in I 

three major characteristics, namely, that they produced abundant spores in ^ 

pionnotes, these spores usually tended to be strongly hooked at the apex, and 
bright orange and yellow colours were produced on steamed rice, whereas 
F. vasinfectum -produced few or no pionnotes, the spores although curved were 
not hooked, and the predominant colour on steamed rice was a red hue which 
changed to deep purple on addition of 2 per cent potassium hydroxide 
solution. 

(4) Several cultures causing wilt of sumi-hemp produced spores much 
broader than those of F. vasinfectum or the typical pigeon-pea and sunn-hemp 
organisms, and they probably belong to the section Martiella. , 

(5) The typical pigeon-pea and sunn-hemp wilt organisms, although 
sharply differentiated on a parasitic basis, are indistinguishable from one 
another morphologically and culturally, and are in fact Fusarium udum Butl., 
a highly variable species particularly with regard to ability to form chlamydos- 
pores, and as regards length of spores and range of colours produced. 

(6) A number of isolates of F. udum Yf ere compared with F, lateritium 
var. uncinatuw, Wr. and also with* cultures of all varieties and physiologic 
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forms of F. vasinfectum, obtained from the Centraalbureau voor Sehimmel- 
oultures, Baam. This experiment strikingly confirmed the previous con- 
clusion that F. udum is a separate species from F. vasinfectum. It proved 
that F. lateritium var. uncinatum is a synonym of the earlier species F. udum, 
and that it produces terminal as well as intercallary chlamydospores. 

(7) The names F. Butl. var. cajam and F. udm,m Butl. var. 

crotodariae are proposed for the wilt organisms of Oajanus cajan and Grotalaria 
respectively. 
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Note 

After the Ms. was submitted for publication, I received a paper entitled * The 
species concept in Fusarium'* (Synder, W. C. and Hansen, H. N. 1940. Amer. J. 
Bot. 27, 64-87). All of species Fusarium in the section EleganSy including F. udum 
Butl., are formally made physiologic forms of F. oxysporum Schl. The changes are 
based on ^ the general nature of, and variability in, Fusaria \ resulting from a study 
of a few of the species and varieties, and details of the evidence for the changes 
are not given. It has been clearly shown in the work described above that F. udum 
Butl stands as a good species despite generalized remarks to the contrary. The 
significance and validity of the changes proposed, especially as they bear on the 
conclusions reached in Part III of this series of papers {Ind. J. Agric. 8ci. 10, 
g41“84 : 1940), will be the subject of further remarks^ 




INVESTIGATIONS ON SPAT HIV S CRITOLAVS m'Km, 
AN IMPOETANT BEACONID PAEASITE OF THE 
COTTON -STEM WEEVIL, PEMPHERES AFFINIS 
FST. OF SOUTH INDIA 


BY 


P. N. KRISHNA AYYAR 


Parasitologist i Agricultural Besearch Institute^ Coimbatore 
(Received for publication on 19 July 1938) 

(With Plates XLII and XLIII and two text-figures) 


Iktbodtjctiox 

QPATHIUS CBITOLAUS l^ixoxp is an indigenous primary ectophagons 
^parasite on the grubs of the cotton-stem weevil, Pempheres affinis, in South 
India, It invariably attacks host-grubs in an advanced stage of growth. 
Normally the egg, larval and pupal stages of the parasite are all passed within 
the tunnel bored by the weevil-grub in the stem. The first record of this 
Braconid in association with this pest was by Ramakrishna Ayyar and Mar- 
gabandhu [1936]. Beyond the mere record nothing was known regarding its 
biology, habits or host relations. A knowledge of these aspects is necessary not 
merely because of the possible utilization of the parasite in the control of the 
stem weevil but also because the biology of no member of the genus SpatMus 
have been studied in detail from South India. This study has been 
in progress for a period of over two years. The writer has been greatly assist- 
ed in this work, particularly in the routine part thereof, by Assistant Mr. P. 
S. Narayanaswami, and Pieldman Mr N. Muthuswami, the latter having been 
specially helpful in the collation of data and preparation of the tables. 

The host 

Pempheres affinis has been known in India for over 25 years. It is by 
far the worst pest of cotton wherever it occurs in South India, causing a loss 
of about 30 per cent or more in the case of severe outbreaks. The injury 
inflicted is by the extensive tunnelling of the stem by the immature stages. 
This weevil under field conditions passes through nearly three successive 
generations during the cotton season, October to March, though considerable 
overlapping of generations occurs even at the beginning of the second brood. 
From a small population of a few immigrants to cotton fields in the initial 
stages of the crop, huge populations are built up as the season advances. 
The weevil appears to be an indigenous pest from all available evidence. Its 
original source appears to be from wild food plants of the genera, Triumfetta, 
Sida and Hibiscus scattered in hills and plains. Only five species of the genus 
Pempheres are known so far, all being confined to the Indo-Malayan regiop, 
In South India it has no effective natural enemy in the field, 
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ADtriiT PARASITE (Plate XLII, Fias. 1, 2, 3) 

The parasite has been recently identified as a new species and described 
under the name pTixon, 1939]. It is a slender, elongate, 

reddish-brown insect with a dark abdomen and vestigial wings, having a strong 
resemblance to Cremastogaater ants. The males are generally smaller and nar- 
rower than females. The length of ovipositor is often variable. Occasionally 
winged forms appear in both the sexes but winged males are rare and have 
been obtained only in one instance. Winged females are much commoner both 
in collections and rearings and make an appreciable proportion of the total 
females. The sizes of the adults vary within a wide range largely depending 
on the nutrition afforded during development by the host. The measurements 
of a large number collected from nature as well as those bred in the laboratory 
have been taken. The figures recorded do not include antennae and ovi- 
positor. 

JfemaJe.— Length ranges between 2*53 mm. and 3*25 mm. averaging 3*05 
mm. Width at the widest part of the abdomen varies from 0*70 mm. to 
0*85 mm. averaging 0-78 mm. 

IfaZe.— Length varies from 2*1 mm. to 3-12 mm. averaging 2-625 mm. 
Width varies from 0-67 to 0-76 mm. averaging 0*713 mm. 

Technique 

Being a larval parasite of a stem borer the study of the parasite is parti- 
cularly arduous and difficult. Pempheres larvae are also perhaps the most 
difficult to rear under artificial conditions. Suitable stages of the pest were 
obtained by careful dissection of plants from the field and active non-para- 
sitised healthy stages were selected for oviposition trials. Three to four 
grubs were introduced into small cells scooped out in a fresh cotton stem pro- 
viding a thin door-like covering of the bark. The host-grubs were placed in 
position each inside a cell and covered by the lid of bark and the whole thing 
fastened by thin cotton threads. The stems were kept fresh and green by 
keeping them in culture solution provided in small tubes. The stem with 
the tube was placed in a cylindrical wire-gauze or glass cage with its open end 
protected by muslin covering. A pair of adult parasites was introduced 
into the cage and food in the shape of sugar or honey solution was supplied 
in a bit of sponge suspended from the stem. Later, raisins were substituted 
and were found to be more convenient. Every day these stems were removed 
and examined under a binocular for eggs and fresh stems with hosts supplied. 
For oviposition studies on a large scale, a pair of parasites or a mated female 
with a daily supply of fresh loaded stem and raisin were put inside long tubes 
(6 in. X 1 in.). After ovipositon the host with egg was either transferred into 
small paraffin cells made by sinking a heated nail head and covered with a 
cover glass or into small gelatin capsules. In order to gather accurate data 
on the percentage parasitism in nature, daily or weekly collections of plants 
were individually dissected and examined for noting the parasite stages. 

Gbogbaehioal distribution 

A thorough study of its distribution has not been possible. The parasite 
has been observed and collected from Coimbatore and its environs, Erode 
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and snrroiinding TiU and Malabar districts. Prom^ ■Mal'abar:the ■ 

parasite has been obtained from plant hosts others than cotton, such rn Tri- : 
umfeMa niid Sida. As a result of observations so far made, it may be assumed 
that the parasite is distributed throughout localities where the pest exists 
in any large numbers. It has also recently been recorded [Nixon, 1939] as 
being bred from seeds of Pro5op?’.s by S. D. Bhatt in the Punjab. 

In the latter place, the macropterous forms of males seem to be more pre- 
dominant than maoropterous females which is just the reverse of what occurs 
in South.. India. 

Host eaxge 

The host preferences of the parasite seem to be somewhat restricted. 
In nature the parasite has been recovered from three distinct hosts, all being 
stem -borers, two of which are Curcuhonid grubs and the third a Bostrychid. 
It has been seen to parasitise Pcmp/^ere^ not only in cotton but also in various 
alternate ho>st plants such as Triumfetta rhomboidea, Sida amta, CorcJiorus 
olitorius, Hibiscus esculentus, H, viiifolms, H, ficulneus, and Malvastrum coro- 
mandelianum. Another insect which is found parasitised in nature, though 
infrequently, is the common weevil-borer grub of amaranthus {Hypolixus 
tmncatulm), A third important alternate host is the Bostrychid borer {Sino- 
xylon sudanicum Lesne) infesting Cambodia cotton stalks. This Bostrychid 
attacks occasionally even green healthy plants in the field but prefers wilting 
plants in the field as also those collected and stored in the open. This pheno- 
menon has been taken advantage of in the matter of mass-breeding of the 
parasite by manipulation of the host in large out-door cages. 

Mating 

Mating may occur immediately on emergence in a manner typical of most 
Braconids. The male appears to be particularly ready for copulation on 
issuing out of the cocoon even before feeding. In a small proportion of eases 
the sexes appeared to be indifferent to each other for a few minutes on coming 
out of the cocoon, especially when these were located at a distance in the same 
tube. The male apparently fails to recognise the female at a distance of nearly 
5 or 6 in., but when they come near enough commence to show signs of 
excitement. Several copulating pairs have been watched in the cages and 
the duration of coupling has not exceeded 40 seconds but averaged about 
20 to 25 seconds after which the female slips away. Very rarely have the 
males been noted to be able to effect a second copulation within a short in- 
terval. The same males however have been utilized to serve two to three 
females successfully at short intervals. Exposure to sunlight does not seem to 
ma]?:e any difference in their behaviour except that they try to move away 
from the bright side. 

PuE-OVIPOSITIOX PEBIOD 

The duration of time between emergence and egg-laying varied within 
a wide range in the species. This duration is probably governed by numerous 
factors such as mating, temperature and humidity, nature of food supplied 
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and also by the nature of the host provided. This period has been accur- 
ately recorded for about 63 individuals including 12 winged fertilized 
females and 10 virgin apterous females. ‘In mated wingless females, the 
period ranges from 2 to 16 days averaging seven days for 41 cases. In mated 
winged forms, this period ranged from 2 to 28 days averaging 9-3 days for 
12 oases. In the case of unmated females, the period ranged from 2 to 16 
days averaging 10-2 days for ten virgins. In order to see the number and 
nature of the development of the egg, a few females were dissected under a 
binocular during the pre-oviposition period. On an average three to five 
developed eggs and as many partly developed ones were observed. 

OVIPOSITION 

The preliminary search and manoeuvres and the actual process of ovi- 
position have been carefully watched in a number of cases in cages. Mating 
is not essential for oviposition. At first the female wanders over the stem or 
sides of cages or it may stop and rest quietly in any part of the cage without 
any sign of activity. Sometimes a spot is thoroughly inspected and the ovi- 
positor inserted into and withdrawn from an artificial cleft as if feeling for the 
concealed grub. Often a spot apparently chosen was afterwards rejected. 
Not iofrequently the female returns to the same spot after short wanderings 
and commences to evince a lively interest. 

Process of oriposifo’ore.— After locating a spot containing an active host, 
it takes a firm stand, raises the abdomen and directs the tip of ovipositor 
forwards and commences a search with the tip. Perhaps the position of the 
host is discovered by touch through the agency of the ovipositor sheath. 
The antennae are either extended forwards or held diverged sideways. Very 
rarely they were directed downwards. The stylets of the ovipositor are slowly 
released and projected out with the two valves of the sheath yielding and form- 
ing a loop curving backwards. The stylets are slowly thrust deeper and deeper 
through the bark where it is weak, the loop formed all the while becoming 
wider and wider. Some times these are withdrawn fully or partially and two 
or three thrusts are quickly made in the same puncture. The stylets in a great 
majority of cases remained inserted for several minutes. The parasite, has 
apparently stung the host and an egg is found laid soon after. After this 
operation, the ovipositor is withdrawn and sheathed and the parasite moves 
away from the spot. Sometimes all these operations were carried out result- 
ing merely in the paralysation of the host, without the actual deposition of 
an egg. Very often artificial slits found in the stem are taken advantage 
of for insertion of ovipositor. The time taken for the process varied within 
a wide range. In the majority of cases the time taken varied between ten 
and 30 minutes. The maximum duration observed was about 90 minutes. 

Time of ompositmre.— Oviposition can take place probably during all 
hours of the day and night but more during night. Generally oviposition 
has been a common feature in cases where stems with host-grubs were supplied 
at 5 p. M. and removed at 9 A. M. the following day. On the other hand stems 
supplied at 9 a.m. and removed at 5 p.m. the .same day did not give many 
egg-layings. Ovipo.sition is more vigorous and regular in' the earlier stage than 
in the later stage of the life of the female. 
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Table I 

Ovipositim record during 1986-37 


Serial No. 


Egg-laying 

period 


Total eggs 
laid 


Total 

longevity 


Mated females {wingless) 


883 


Post-oviposi- 
tion period 


* 41 

43 

51 

53 

33 

61 

43 

38 

50 

19 

19 

51 

49 

20 

63 

19 

16 

60 

22 

21 

45 

22 

32 

33 

42 

44 

60 

12 

20 

46 

35 

47 

47 

57 

41 

71 

66 

23 

84 

29 

26 

84 

51 

31 

59 

56 

25 

72 

39 

17 

68 

29 

27 

45 

19 

22 

46 

29 

22 

66 

37 

22 

63 

37 

36 

44 

52 

21 

66 

20 

22 

41 

29 

20 

57 

41 

14 

88 

29 

16 

47 

39 

10 

74 

39 

10 

74 

75 

29 

94 

39 

22 i 

47 

39 

25 

107 

55 

15 

65 

37 

20 

62 

31 

13 

71 

Mated 

females {winged) 

15 

,11 

39 

56 

53 

64 

16 

13 

34 

25 

24 

62 

13 

8 

51 

71 , 

22 

109 

,24 " 1 

16 

57 ' 

» 1 

25 

48 


4 

5 

6 

31 
12 
37 
14 

4 

4 

13 

2 

3 
8 

54 

4 

17 
20 

18 
? 

32 
21 

3 

10 

13 
2J 
4a 

14 
29 
29 
11 

2 

47 

8 

15 
32 


38 

7 

8 
33 
25 
23 

5 
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Method of locating the host. — A few experiments conducted in cages go 
to show that antennae are not probably very helpful in the process of oviposi- 
tion. It is known that many species of parasites locate the host by search 
through the olfactory sense located in the antennae. A set of three experi- 
ments was conducted with mated ovipositing females after the complete re- 
moval of antennae leaving only minute stumps. Such females were not 
very steady in their gait and showed a slight change in their behaviour. One 
of these laid four eggs and the others six each subsequent to the removal of 
the antennae. The experiments are too few to be conclusive but it looks as if 
their efficiency is thereby considerably lessened and the egg-laying capacity 
diminished. 

Position and number of eggs per host. — The number of eggs laid by a female 
per day was never large. It was commonly one, two or three and the maxi- 
mum five. The eggs are laid indiscriminately on any part of the host. These 
may be placed crosswise or lengthwise without any attachment and these may 
be easily detached by slightest shock. Sometimes the eggs are found loosely 
lying in the host tuimel amidst excreta and frass. In the matter of laying 
only one egg per host it may be considered to be very economical and not 
wasteful because within its limited egg-laying capacity it can destroy a large 
number of hosts. 

Egg-laying period and individual egg capacity. — In the case of mated wing- 
less females the length of oviposition period ranged between 12 days and 
66 days and averaged 38 days for 35 individuals (Table I) . In the case of wing- 
ed forms (also mated) the range was between 13 days and 71 days averag- 
ing 31 •! days for eight cases. Virgins showed a variation from 11 days to 
59 days averaging 35 days for eight cases. 

The same table furnishes records of the total number of eggs laid by a 
lot of 51 individuals. The maximum number noted for a female w'as' 53 
eggs. The egg-laying capacity for mated wingless forms varied from 13 to 
47 eggs averaging 38 eggs for 35 cases. Mated winged forms showed a range 
from 8 to 53 eggs averaging 21 • 5 eggs for eight cases. Whereas virgins show'ed 
a range from 10 to 38 with an average of 23 eugs for eight eases, the virp-iiiR 


Serial No. 

Egg-laying 

period 

Total eggs 
laid 

Total • 

longevity 

Post -oviposi- 
tion, period 


Virgin females 



. 1 ■ 

38 

33 1 

. 66 '. ' ■ 

■' ^r2'r' ■ 

2 

30 

26, 

46 ', ■ ■■■ 


3 

33' 

19 1 

39 

4 

4 

11 

10 

. 32 

^ :14 ■' 

5 , 

69 

30 

124 

■ ■■ .' 19 

6 

26 

12 

37 

■' 1 ' 

7 

66 

38 

70 

9 

8 

28 

16 

65 

.. 23 : 
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ImMATXJBE STAGES 

Egg {Plate XLIII, fig* 1).— The eggs do not vary much in size generally 
but under-sized females have been seen to lay eggs of smaller size. The egg is 
barely visible to the naked eye. Maximum length 0 • 78 mm., minimum length 
0*566 mm., average length 0*66 mm. Maximum width 0*15 mm., minimum 
width 0* 10 mm., and average width 0-13 mm. for 35 eggs. The freshly laid 
egg is somewhat cigar-shaped and distinctly arched with the two poles un- 
equal and rounded. The cephalic end is wider and more broadly rounded, 
being nearly one-and-a-half times as broad as the caudal end. Occasionally 
the shape departs a little from the normal in having a bulb-like expansion near 
the caudal end. This may be probably due to the uneven pressure at the time 
of deposition. 

When freshly laid the egg is shining translucent white except at the caudal 
extremity which is glassy and transparent. The chorion is thin and smooth 
with no apparent sculpturing. 


evidently show a diminished egg-laying capacity. The post oviposition period 
is considerably prolonged in some cases and reaches a maximum of 54 days 
with a minimum of two days averaging 15*8 days for 49 individuals. 

Selection of host stages,— The female always chooses an active host-grub 
and stings and paralyses it before oviposition. It seldom oviposits on grubs 
already paralysed by other insects or rendered inactive by other causes. It 
occasionally oviposits on host-grubs already paralysed by members of the 
same species. The females could not be induced to oviposit on other stages of 
PemfiheTest Sinoxylon or Hypolixus such as prepupae, pupae, etc. Grubs 
boring deep into the centre of thick woody stems were rarely attacked being 
nearly inaccessible. 

Effect upon the host and its survival, — ^The extent of paralysis of the host 
no doubt may vary according to circumstances. Usually the host-grub is 
rendered inert and dull. It becomes limp, relaxed and flaccid. It seldom 
moves though not dead. It does not feed and no peristaltic action is seen 
except when disturbed. In a few cases the heart beat, though feeble, was 
perceptible for some time. Such larvae showed one or more dark brown marks 
on the cuticle. These marks are reaUy the scars produced by the sting or 
thrusts of the ovipositor. Some experiments have been conducted to test 
whether such grubs survive after freeing them of the eggs. These were never 
seen to revive, but continued, when kept in stems, to be fresh without decay 
or discoloration for a maximum period of about 15 days. They never survived 
but died a slow death after a period when they got dried up in the case of 
Pempheres and Sinoxylon grubs. It shows that such paralysis is eventually 
fatal in the case of these host- grubs. It is not a mere paralysis of the nerve 
centre since the sting marks have been found to be located on any part of the 
host-grub. The paralysis serves the admirable purpose of keeping the tissue 
of the host-grub fresh and in good condition for the newly hatched larva. The 
case of large-sized Hypolixus grubs is slightly different. In many cases the 
paralysis was only partial. Such larvae seemed to move and roll over slowly, 
wriggle or squirm to some extent apparently with a view to dislodge the egg 
or larvae. Even these grubs succumb soon after the egg hatches and the larva 
begins feeding. 
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The time taken for hatching varies from one to two days averaging I - 4 
days for 50 observed oases. It varies according to season and temperature 
within the range indicated. 

Larva 

I stage larva {Plate XLIII, fig. 2). —Tlhe newly hatched larva is a clear 
white delicate creature almost transparent. It is very nearly cylindrical with a 
slightly flattened head and 13 well-delineated body segments. The integument 
is apparently naked and unarmed without any spines, set® or pigmentation but 
under the microscope presents a rough sculptured surface with setge-like minute 
elevations. The head is slightly more chitinised than body segments though 
concolorous. Under a binocular a slightly dull pouch-like stomach is visible 
in the middle. Thelabrum is distinct and ventral and under a binocular the 
fleshy mouth-parts and sharp mandibles (Plate XLIII, fig. 3) are clearly seen. 
The tracheal apparatus is only imperfectly visible at this stage. The mandi- 
bles are somewhat triangular with a pointed sharp little tooth the lower curved 
border of which is provided with a pair of fine denticles. 

Dimensions ; Length varies between 0-62 mm. and 0-8 mm. averaging 
0- 68 mm. for 16 specimens measured. Width varies between 0-13 mm. and 

0- 175 mm. averaging 0- 15 mm. Width of head varies from 0- 1 mm. to 0- 125 
mm. averaging 0 • 11 mm. 

On leaving the egg-shell, the larva crawls on the body of the host for a 
short distance and fixes its head on the host and commences to feed. Very 
often the eggs are found fallen off and detached in the tunnel and these hatch 
at a distance from the host. These tender larvse crawl aimlessly by using the 
abdominal tip and mouth-parts for locomotion. The movement is compara- 
tively rapid for its size. It attaches itself to the host if it comes across one in 
its journey. Otherwise it stops motionless, contracts and eventually dies. 
The larvse do not linger much on the dorsal or exposed surface but generally 
crawl to lateral or ventral side of the host. In a few hours the larva gets 
swollen by feeding and the stomach contents show prominently with a yellow- 
ish tint. 

II stage larva.— In general form it is similar to the previous stage but 
cMefly differs in colour and size. It is now less transparent. The shape is 
stiU cylindrical but the head is more globular. It is a little thicker in the 
middle and displays slight traces of the beginnings of urate cells. The cuticle 
possesses a fine covering of small setae. The larva is wide.st between abdomi- 
nal segments 1 and 3. Length v^ies from 1‘05 mm. to 1’55 mm. averaging 

1- 21 mm. for 15 specimens. Width varies from 0-30 mm. to 0-35 mm. 
averaging 0-33 mm. Width of head varies from 0-15 mm. to 0-175 mm. 
averaging 0-33 mm. 

III stage larva.— Ln this stage the larva is slightly arched becoming thicker 
in the middle with tapering extremities. Arched segmental convexities are 
visible and are larger in the first four abdominal segments which contract and 
dilate probably to help the larva in locomotions. The head is also compara- 
tively larger and well differentiated. It is yellowish in colour. The white 
urate cells distributed on the sides and extending dorsaUy arc more conspicuous 
and stand out distinctly. The trachse are more ramified. The cuticular setm 
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PLATE XLIII 



Fig. 2. 

1st stage larva (x42) 


Fig. 3. Mouth-parts of 1st stage larva 


Fig. 4. Full-grown larva showing urate 
granules ( X 18) 


Fig. 5. Head and mouth-parts of full-grown larva Fig, 6 
(ventral view) 


V and VI seginents of fuli-grown larva 
showing setal disposition (dorsal view) 


a cron; ct— comb-like teeth (denticles)] 
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appear more prominent when viewed under a binocular. Two dorsal rows 
of longer hairs are seen one on either side of median line. Length'ranges' from 
1-6 mm. to 2*35 mm. averaging 2*17 mm. for ten specimens. Width 
from 0- 5 mm. to 0*725 mm. averaging 0*615 mm. for ten cases. Width of 
ranges from 0^25 mm. to 0* 275 mm. averaging 0*255 mm;- 1 - 

/Fa^d larva.— Size is very variable (Plate XLIII, fig. 4) 

depending on various factors particularly nourishment. Length 2* 725 mni. to 
4*32 mm. averaging 3*3 mm. for 13 individuals. Width0*9 mm. to 1*45 mm, 
averaging O* 35 mm. Width ofhead 0*30 mm. to 0*45 mm. averaging O- 35 mm. 
Length of antennse varies from 6 *02 mm. to 0*025 mm. averaging 0*022 mm. 
for nine cases. In general shape, this and the previous stage are more or less 
similar* It is crescent shaped in its lateral aspect and is typically hymenop- 
terous in form with a distinct head followed by 13 segments. It is widest in 
the middle tapering bluntly towards extremities. The general colour is still 
yellowish with a dirty brownish yellow mid-intestine. The granular urate 
cells show themselves more prominently. The segmental transverse lobes 
are more pronounced imparting a slightly flattened appearance. The body has 
a smooth appearance but under a binocular appears to be closely set with 
numerous minute setae or spines. 

Head.—bx rough outline it has th e appearance of a truncated heart with 
a sort of chin below. The truncated cone-like antennae are larger and 
placed on cuticular disc-like elevations. : The integument is more chitinised 
and hard than in the early stages. The buccal organs (Plate XLIII, fig. 5) are 
visible and well defined. The upper ' lip; is a thin semi-circular membrane 
partially covering the mandibles. The mandibles are more heavily chitinised, 
larger and sharper. They are disposed horizontally and are directed inwards 
and downwards. These bear five small- comb-like denticles on the posterior 
edge ; the maxillsB are membranous "having a pair of maxillary palps. The 
labium is transparent bearing sensorial setae. The salivary duct opens at the 
apex of the labium. 

Body . — Body consists of 13 segments. Each segment has a number of 
fine, short setae with a median long hair three or four times as long as the 
(Plate XLIII, fig. 6). These hairs are so arranged as to form a dorsal median 
longitudinal row among the tegumentary setae. The nine spiracles are clear 
and are located in slight depressions near the anterior border of the corres- 
ponding segment. The respiratory system as usual is made up of two longi- 
tudinal trunks connected anteriorly and posteriorly by transverse commis- 
sures. Each lateral trunk is connected to the spiracles by spiracular branches. 
At the root of each spiracular branch there are fine branches proceeding both 
dorsaUy and ventrally. These are seen to ramify extensively. 

Larval development . — ^The parasites fail to develop when they are trans- 
ferred while young to a non-par alysed healthy grub with mangled mouth-parts. 
Such hosts soon get diseased, darkened or fungus attacked. On transferring 
a parasite larva from one paralysed grub to another, normal development 
followed. Xormal development does not take place when host-grubs killed 
in hot water are substituted. The entire question of development is governed 
not only by the quantity of food afforded but also quality and a paralysed 
larva constitutes the best medium. 
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Goooon 

The fall-grown larva stops feeding, leaves the host remains and in abont 
24 hours starts spinning a cocoon about itself in the same tunnel in some suit- 
able spot. This silken cocoon is perfectly white in colour. It is more or less 
uniform forming a complete parchment-like covering for the larva. The shape 
is not always uniform in cages. It is generally cylindrical and tubular in 
outline in nature but may be slightly short or loose or rhomboid in cages. 
When disturbed at this stage, the larva may enter into prepupal and pupal 
stage outside such cocoons or fail to develop further. In paraffin cells and 
gelatin capsules the cocoon was usually much thinner and sparsely lined with 
threads. In a small percentage of such cases no cocoon worth the name was 
spun and pupation occurred naked. Larvae confined in tubes and flat surfaces 
on depression slides very often did not spin any cocoon except having a few 
loose threads thrown out irregularly. Apparently the walls of the tunnel, 
hark or any rough surface are required for scaffolding. The time taken to 
complete the covering averaged between 10 and 15 hours in a dozen cases noted. 
In about six hours a thin covering is more or less completed and the larva is 
barely visible through the cocoon. The female cocoons were slightly larger 
than those of males. Average length and width of 33 female cocoons were 
5-5 mm. and 1*6 mm. The average length and width of male cocoons were 
4*7 mm. and l*5mm. 

Prepupa 

Shortly after the completion of the cocoon the larva enters into the pre- 
pupal stage, having cast off the meconium in the shape of a brownish-dark mass 
at the posterior end of the cocoon. The larva does not undergo any material 
change except that it is motionless and slightly shrunken in size save at the 
thoracic portion. 

Pupa 

Just prior to pupation the last larval cuticle splits and is slipped off to the 
posterior end of the cocoon. The pupa at this stage is creamj^ white with 
even the eyes white. In a day the pigment appears first on pronotum and 
head. In another two days the eyes turn pinkish. The appendages are held 
loosely attached to the body. The pupa soon turns slightly yellow, becoines 
brown in another day and acquires the outline of the adult segments as also 
its colour and shape. 

Emergence of the adult 

When the pupa z’eaches maturity the fully formed adult becomes active 
and movements of head, antennse and front legs may be seen. A small irre- 
gularly circular aperture is eaten at the anterior end of the cocoon a little on 
the dorsal or lateral aspect and the adult emerges out of the cocoon into the 
host tunnel. After gnawing a small rounded aperture through the bark or 
stem the adult makes its final exit into the outside world. 

Life-cycle 

The data on life-cycle periods were obtained from individual rearings from 
egg to adult in paraffin vials, gelatin capsules or in cells hollowed out in small 
bits of cotton stems confined in tubes. Life-cycle periods have been thus 
recorded for over 200 adults during 1930-37. ^l^ablo II presents complete 
data for several stadia in relation to sex and host. 
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Table II 


. Parasite stage 

Duration 
of range 
in days 

Average 
■ in 
days 

No. of 
cases 

Egg period . i . . . . 

1-2 

1-2 

26 

Larval period, females . 

3-8 

4-77 

13 

Larval period, males . . . . . . 

3-7 

4-64 

11 

Pre«piipal period, females . . . 

1-3 

2-3 

9 

Pre-pupal period, males ... 

1-3 

2*75 

4 

Pupal period, females . . 

5-13 

8-6 

12 

Pupal period, males . . . 

5-10 

7*5 

4 

Total period of females from egg to adult during 
April to December 1936 on Pempheres 

12-19 

16*0 

37 

Total period of males from egg to adult during 
April to December 1936 on Pempheres 

11-20 

14-3 

51 

Total period of females from egg to adult dur- 
ing April to December 1936 on Hypolixus 

17-27 

19*9 

46 

Total period of males from egg to adult during 

j 13-28 

18*7 

35 

April to December 1936 on Hypolixus 

1 




Table III 

Data on life cycle periods crti the host Sinoxylon sudaniciim during the months 

July to September 1936 


Parasite stage 

Duration 
of range 
in days 

Average 

in 

days 

No. of 
cases 

Egg period . > . . . . . 

1-2 

1-3 

6 

Larval period . . ... 

4 

4-0 

.5 

■ 

Prepupal period . . . 

1-2 

1-8 

' 5 

Pupal period ■ , . . . ' . 

7-10 

8-4 

5 

Total life-cycle from egg to adult, females 

13-18 

, 17-2 

. 15' ■ 

Total life- cycle from egg to adult, males 

14-18 

17-0 

; 45 

■ 


The total life-cycle duration showed slight variation during the three 
different months. 
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The parasite has also been successfully reared on another host, i.e. on 
mature grubs of pulse bruchids, Bniclms theobromcB L. The rearing technique 
was the same as in other hosts. The total life-cycle period from egg to adult 
in June- July 1936 occupied about 18 days for both the sexes. 

Seasonal variations in life-cycle periods.— ^ov about 270 parasites consist- 
ing of males and females reared indmdually on diJBferent hosts during the 
period 1936-37, the life-cycle periods have been carefully recorded. The 
figures represent the averages of life-cycle periods worked out for several 
males and females during aU the weeks of the month. 

Table IV 


Seasonal variation in life-cycle duration, in days, on different hosts for males and 

females, 1936-37 



1936 

1937 

Month 

Pempheres 

Hypolixus 

Sinoxylon 

Hypolixus 


Females 

Males 

Females 

Males 

Females 

Males 

Females 

Males 


days 

days 

days 

days 

days 

days 

days 

days 

April 

13-1 

13'0 


13-0 

Vv. 'v- 


13*4 

13*6 

May 

14-4 

13-8 

16*2 




15*2 

14*6 

June 

17*8 

14-2 

20-0 

' . . ■ ■ 


. . 

18*0 

18*5 

July 

16*6 

16 -7 

19*0 

16-6 

16-7 

15-9 

19*5 

19*5 

August . 

• • 

. . 



18*0 

18*0 

16-2 

18*3 

September 

■ ■ ... 


18-6 

16-0 

17*0 

17-0 

20*8 

17*5 

October 


' . . ■ 

1 19-6 

18-0 


. . 

18*7 

17*5 

November 

18-0 

16-0 

20*9 1 

19'2 

, . 

, . 

19-0 

20*5 

December 


• • 

^ 22*0 

20-0 

. 


19*0 

27*0 


The records of rearings on Hypoliocus in the year 1937 show that the males 
have a slightly longer life-cycle period than the females. 

Effect of climatic factors on the life-cycle. — ^For the years 1936, 1937 and 
part of 1938, the mean temperatures and humidities have been presented in 
a graphical form in Figs. 1 and 2. The months of March, April and part of 
May happen to be hottest periods of the year when the temperature is at the 
highest (mean 89'5°F.) with a low mean humidity of 52 -7 per cent to 56 per 
cent. The development of the parasite is seen to be the quickest at this period 
with the shortest duration in the egg, larval and pupal stages. The life-cycle 
period reaches a minimum of 11 days with a maximum of 14 days in April 
averaging 13 ’5 days for about a dozen individuals reared. With the advent 
of monsoon in the latter part of May though the temperature is stiU high , there 
is a rise in humidity to some extent. The duration of life-cycle ranges between 
13 and 16 days averaging about 14- 9 days for 19 individuals reared during the 
month. In June there occurs a sudden fall in temperature from 89- 5 to 82-0 
with a rise in humidity from 66- 9 to 66 -3 per cent and the life-cycle period 
ranges from 16 to 20 days averaging 18 days. From July to November 
there is a gradual faU in temperature with an increase in humidity. The 


i 




former drops down to 77°-78^F. and the latter rises to 73 per cent in isroveni- 
her with slight fluctuations. The life-cycle, therefore, gets prolonged from 
about 15 days in May to about 24 days and 27 days in November-December, 
There are slight fluctuations in the weather conditions during the months, such 
as a warm spell or heavy rains and these are more or less reflected in the slight 
reduction or prolongation of the duration of the life-cycle from 17 to 27 
days as nlay be seen from Table IV. Leaving out the exceptional in- 
crease in humidity to 73 * 3 per cent in November, it may be noted that the 
variations in humidity during the months of June to December are found 
within the brief limits of 65 per cent to 68 per cent, whereas the deviations 
in temperature are slightly more pronounced as is manifested by the fall from 
82® to^ nearly 77® E . It may be inferred, therefore, that the temperature per- 
haps is the more dominant of the factors in controlling the duration of the 
stages although the humidity factor is seen to exert its influence by either 
accentuating the former’s effect by a decrease or considerably diminishing the 
same by a sharp rise. The data recorded from the rearings in 1937 confirm 
the above observations. During the cooler months the incubation is prolonged 
from one to two days, the larval period from three to eight days, the prepupal 
period from one to three days and the pupal period from 5 to 13 days. 
Excess of humidity manifests itself in an increase in fungus diseases or in the 
rapid multiplication of the predaceous laboratory mite Pedictdoides ventricosus 
Newpt. This mite has been a constant menace in the laboratory in spite of 
all precautions. 


MAY *36 


MAR '36 




jyL.Y'36 


73*75 


NOV *36 


Humidity (per cent) 

Fig. 1. Temperature-huinidity, curve, 1936 
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Humidity (per cent) 

Fm. 2. Temperature-liumidity curve, 1937 


Habits of the adult 

This species seems to be active both during day and night as seen from 
its behaviour in large outdoor breeding cages. During the bright sunny 
hours of the day they seem to take shelter in shady hiding places. These 
often rest on underside of leaves or in crevices in soils. The best time for their 
easy collection from outdoor cages has been during evenings just before sunset 
when they can ordinarily be pushed into tubes by small brushes. They are 
essentiaUy shade -loving and are in a way negatively phototropic as they readily 
move away from parts of tubes exposed to sunlight. Even winged adults 
pursue a zigzag flight and take rest away from lighted windows. They Teed 
with avidity on nectar of flowers and are able to live for long periods as eviden- 
ced from’ their longevity records when fed on cotton flowers. Probably in 
nature their usual and natural food is nectar of flowers. They are also capable 
of Hving and reproducing to a slight extent without any food whatever. 

Bmctions to dimate . — ^In outdoor cages and in open pits in fields while 
breeding on Bostryohids in cotton stalks, their activities are at the minimum 
during rainy days. No collection has been possible for some days after rains. 
They also dislike wet surfaces. Sometimes they display a peculiar habit of 
feigning death. When suddenly disturbed or shaken in a cage or forced to 
drop down, they remain still and motionless for a time as if dead, on their 
back with extended antennm, but resume activity in two or three minutes. 
The activity of the males differs considerably from that of females.^ They 
either move about quickly in cages in search of females or for nourishment 
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They may also rest quietly for hours together on sides of cages, on stems or 
muslin covers and plugs 

Parthenogenesis. — ^Virgin females after the usual pre-ovipositioii period 
readily oviposit and such eggs are seen to have a normal development. The 
progeny in all known instances of parthenogenesis invariably happened to be 
males. Eight virgins laid a total of 183 eggs out of which 24 adults (or 13-1 
per cent) developed, all being males. Whereas the percentage of eggs that 
successfully developed out of 34 mated females was slightly higher, i.e. 19-6. 
Such variations may have been influenced by factors other than non-fertili- 
zation. 

Occasional production of winged forms.— It has been observed that a small 
proportion of winged forms, particularly among the females appear occasionally 
which is a highly desirable feature for facilitating dispersal. Out of a total 
collection of 2,482 females there were only 272 winged (10* 9 per cent). Winged 
forms among males have been very rare and only one winged form has been, 
during this long period, reared in the laboratory. Winged forms have been 
reared among the progeny of wingless ones. 

Adult longevity.— These parasites are hardy insects which can stand 
strain and adverse conditions. Their longevity under optimum ecological 
conditions provided in the laboratory is seen to extend over five months (over 
160 days). In order to study the relative length of life of the species, an 
extensive series of experiments running over several months during 1936-37 
was conducted with a supply of various kinds of food. Nearly 300 adults of 
both the sexes, mated as well as unmated, mated females allowed to oviposit 
and otherwise, were experimented upon. Each individual was confined in a 
separate cage with a daily supply of the particular kind of food and daily 
observations were made until its death. The results are briefly summarised 
as follows : — ^The maximum record of longevity has risen to 162 days for an 
unmated male fed on nectar of cotton flowers. Unmated females have also 
lived up to 160 days on sugar solution. Such lengthened periods of life have 
been noted in a greater number of females than males. It has also been evi- 
dent that unmated adults of both sexes generally show greater longevity than 
mated ones, the maximum for mated females and males being only 112 days 
each. The females are much more hardy and have been noted to live for 
pretty long periods even without food. The males on the other hand live only 
for a maximum of eight days without food. The greatest longevity, varying 
between 100 and 162 days, has been obtained with foods like cotton flowers, 
sugar solution, honey solution and raisin. In the matter of flowers, those of 
cotton appears to be the best among the few tested. The maximum longevity 
with cotton stems alone reaches 39 days. Females caged with a mere supply 
of host stages in cotton stems showed a maximum period of 39 days. This 
observation probably serves to prove that the adults do not feed on the body 
fluids of the host. With a daily supply of host stages in stems and food in the 
shape of honey, sugar solution or raisin the female longevity varied from 32 
to 124 days averaging 61 days for 51 individuals. 

Mortality in laboratory rearings 

There are numerous factors that govern the rate of multiplication of the 
parasites in laboratory breeding experiments. Out of a total of 882 eggs laid 
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by a batch of 34 females it is seen that only 173 (19 • 6 per cent) adults success- 
fully developed. The population increase during the first generation per 100 
females comes to only 520 adults and only 53 per cent of these (i.e. 276) are 
females. But it has to be borne in mind that these factors may not necessarily 
be operating in nature and that the rate of increase under natural conditions 
may be consideraby higher than that observed under artificial conditions in 
the laboratory. 

Total efficiency of the parasite 

For 67 femalestested in this series a total of i;297 eggs were obtained^^^^o^^^^ 
22 ‘8 eggs per female. In other words every female by actual oviposition 
destroyed on an average (taking one egg per host as normal) nearly 23 hosts. 
Besides these, the same 57 females destroyed a total of 755 hosts by a process 
of mere stinging and paralysation which works up to 13*2 hosts per female. 
Every female, therefore, is seen to have actually destroyed on an average 56 
per cent more of hosts than are oviposited upon. This is admittedly an im- 
portant attribute of an efficient parasite which has to be taken into account 
when evaluating its total efficiency in nature. 

Natural parasitism of the species in cotton fields, 1935-38 —'Fox nearly 
three seasons during the period 1935-38, records of nateal parasitism at the 
Cotton Breeding Station have been maintained as a routine part of the work. 
A few records have been obtained from other areas, such as Srivilliputhur in 
Ramnad district.* Thousands of cotton plants were collected and indivi- 
dually examined for every season so as to record the percentage of parasitism 
in relation to pest incidence. The rate of parasitism of this species alone has 
been always low and has never been seen to exceed one per cent (May, 1936). 
But one important point that has to be borne in mind is that this is the only 
parasite that occurs in some numbers during the first generation of the pest. 

Mass-breeding op the species in the labobatory and large outdoor 

'CAGES 


Scarcity of during the greater part of the year necessitated 

an assiduous search for alternative hosts. A systematic and extensive collec- 
tion and caging of all common stem borers and others belonging to various 
families, such as Curculionids, Cerambycids, Bostrychids, Bruchids, etc. was 
pursued. As a result, two alternative hosts were discovered — the common 
amaranthus-stem borer, Hypolixus truncakdus, and the Bostrychid borer 
attacking Cambodia stem, Sinoxylon sudanicum. The former weevil is a 
common borer of the weed amaranthus which is available in plenty at all 
seasons of the year. Though a convenient laboratory host, it was soon found 
that this host will not admit of any large-scale breeding of the parasites except 
for maintaining a small laboratory stock of the species. The other host wrs 
not very amenable for laboratory manipulation. By experiments it was dis- 
covered that green Cambodia plants pulled out and kept exposed in the open 
for two to three days served to attract these insects. This discovery prov- 
ed to be of considerable use in an attempt at mass breeding. After a few 
experiments in the laboratory in small cages, large outdoor cages were devised 

* The writer is thankful to Mr V. Margabandhu for the data from Ranmad district* 
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and substituted for the purpose. Large collections of fresh and^ slightly wilted 
cotton stalks were first stocked in such cages. Bostrycbid adults were secured 
either from infested cotton stalks found in nature or by attracting the uame 
to wilting plants kept exposed for the purpose. These beetles were introduced 
into the cages and allowed to bore and breed in the ftesh material provided 
After a period of about three weeks, when by examination the right types of 
host-grabs were found to occur, mated female parasites were liberated ui the 
cages from the laboratory stock. In a fortnight to three weeks afterdibera- 
tion adult parasites continued to emerge. This process was continued with- 
out interruption by artificial manipulation of the host so as to^ produce over- 
lapping broods. The problem of the scarcity of Pempheres stages was thus 
parMy solved. As many as 4,759 parasites have thus been bred. 

PROPOETION OF SEXES 

The proportion of sexes for a total collection of 2,732 adults fr^ outdoor 
cages in was 52 - 4 per cent females and 47 -6 per cent males The winged 
forms among females work to 11 -4 per cent. For a catch of 2,127 adults in 
1937 the proportion of females to males was 56-4 per cent to 43 -6 per cent. 
Winged females formed only 7-7 per cent among females. There was a soh- 

tarv instance of a winged male in the rearing. ... . , . , , 

The proportion of males to females varied within a wide range during the 
different months. From 57-7 per cent females in March 1936 the_ number 
dwindled to 23-9 per cent in July. Thereafter these were on the i:^rease. 
From 31-4 per cent in August the percentage rose to 63-7 per cent in Decem- 
ber. From almost equal proportions in January 1937 the fema,les dwindled 
to 37 • 8 per cent in April which gradually ascended to 60 per cent m December. 
As is the case with a number of other parasites, an automatic adjustment ot 
the proportion of sexes is evident in this species with a view to ensure maxi- 
mum reproductive capacity. When the proportion of females is large, i.e. 
when females are considerably in excess of males, parthenogenetic reproduc- 
tion ensues in a large percentage producing only male progeny so as to raise 
the proportion of males. With the increase m males the females undergo a 
reduction in numbers. With increased opportunities for all females to get 
mated their productivity is increased and the females gradually rise in num- 
bers so as to gain their normal proportions. It is not known whether raoh 
oscillations in the proportion of sexes is influenced by other factors, sucn as 

abundance or size of hosts, etc. „ ^ . 

Experimental releases and recoveries in large field cages,— m orcier to gauge 
the possibility of increasing the efficiency of the parasite in nature, a few ex- 
perimental releases of parasites in field cages were attempted. As pointed out 
kready the parasite makes its appearance in the field during tlie first genera- 
tion of the pest when the percentage of infestation is low. At tins period the 
host-stages are not located far away from the surface of stems since the plants, 
being young, possess only thin and slender stems. Paucity of parasites at 
this period "could be artificially remedied to some extent by keeping ready a 
stock of parasites by mass-breeding and liberation at the right time. A lew 
experimental releases were planned and tried during the period.^ A preli- 
trial in eacres was attempted early in 1937 but this was vitiated since 
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the caged plants were covered with ants, aphids and coccids. Since 

the parasites were readily; attacked by the ants, this experiment was^ aban- 
doned and a second trial was condiicted in another cage towards the close of 
1937. Plants were grown in this cage during September 1937. ' These, plants 
were artificially infested by the introduction of a sufficient number of weevils. 
As weevils bred in cotton were not available at the time those obtained from 
alternate host plants, like Triumfetta rhomboidea, were utilized for infestation. 
It was later on discovered that only a very small proportion of the weevils had 
oviposited on these cotton plants. The infestation, therefore, was not heavy 
and the host stages were scarce. Yet liberations of parasites were made from 
November onwards till February 1938. Since only a small percentage of 
plants was found to be infested, only such plants as were, by external scrutiny, 
noticed to be attacked by a w’eevil were pulled out and examined month after 
month. The results of these examinations are presented in Table VI. From 
the figures it may seem that the infestations and percentages were sometimes 
high but the live stages happened to be comparatively few. The percent- 
age parasitism was worked out on the basis of live and dead stages together 


It may be pointed out that no satisfactory conclusions can be deduced from 
this experiment owing to the development of the unexpected handicap men- 
tioned already. It may, however, be inferred that a higher rate of parasitism 
can probably be induced in nature by repeated and large-scale releases of 
parasites at the proper time. 

Potentialities 

The life-cycle of the parasite covers normally a little over two weeks, 
whereas the pest multiplies comparatively slowly under field conditions having 
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a very ^°’\^^f'Yctomplisrnefrly three generations before the host completes 
^Thf IverLe reproductive capacity^ of the parasite appears to be m no 
^ +n that of the pest. Though the maximum egg capacity of the 
way al high as 164, the average capacity 

weevil, as rec^ly ob , Y optimum environmental condi- 

?Snr The ptraitte on the other hand possesses an average capacity of 22 
in 24 eli Considering the numerical equality in the proportion of sexes, the 
to 24 eggs. Oonsiaer § . „ abundance in a short period so as to 

parasi e Yet the rate of natural parasitism in cotton field condi- 

bmmf handicaps The first and foremost among these may be located^ in the 

SS ZpZZl ritotS of l. woody Stem whli i. oompara- 
tiviv inaccessible To some extent this handicap may be overcome by the pre- 
tively ^ long ovipositor in this particular species of parasite. 

is possible only on a particular stadium m the life-cycle of the pest. . Orfy 
mSlium-sized and mature grubs of the weevil are capable of being parasitised 

rhZSrZ“tr stag^leing oom^atively ofTe 

to r^^rY 1 aiTl idle fot long or short periods on account of the absence ol me 

appropriate stages. OompLatmn for this to some ^ “ 

the lencfthened larval period and uneven development of the host, whereby, 
even in'the first generation, grubs of varying ages may be found for long P®™ J* 
?nTaier generations considerable overlapping of broods ocems and 
stages be available at least m small numbers at all 
that such host stages may He scattered in different 

distances from one another. The parasite may not be able to explore any 
toZZTit po««e, only wings. This to another handicap 

oreratine aaainst qniofc dispersal which is however mitigated to a gr^t extent 
by the occurrence of a smaU percentage of wmged forins, particularly among 
females. Another, perhaps more serious, d^ifficulty is that J 

normally closes by the eud of March. i.e. durmg the third generation of the ho^. 
By this time the five population of the weevil has already dwindled o 
small proportions and to add to this the entire crop is removed and the p^ara- 
site is confronted with the problem of tiding over the off-season. The entire 
absence of host stages in nature may constitute another drawback in its con- 
tinued muItipHcation. This difficulty can be easily overcome m more than 
one way. Fortunately the adult life of the parasite is considerably prolonged, 
extending over five months under favourable conditions. It can therefore 
even survive a waiting period. Besides, the parasite can continue in nature a 
least in small numbers without extinction in an alternate host, like Hypohxus, 
which is available at all seasons. It can also maintain a small population on 
Pempheres itself which is now known to have a variety of a,lternate host plants. 
Many such alternate host plants have yielded this parasite, though m small 
numbers, in a variety of situations. Far more important than any of these is 
the facility afforded by the Bostrychid— for its easy multiplica- 
tion so as to tide the off season. This Bostrychid freely breeds in wilting 
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Cambodia plants as also in those pulled out and stacked near cotton fields. By 
artificial manipulation of the broods, suitable stages for parasitisation can be 
continuously made available for pretty long periods. 

Further there are a few other attributes of the parasite which are highly 
conducive to its efficiency . The occurrence of the parasite in most localities 
where^the pest is found and its capacity to attack Pempheres in very nearly 
all of its alternate host plants is decidedly to its advantage. The parasite, so 
far as has been ascertained, is free from the attentions of any secondaiy or 
hyperparasite. Its capacity to destroy more hosts than are actually oviposited 
upon is another point in its favour. The discrimination displayed in the 
choice of the host from among healthy active ones and the economy practised 
in its oviposition tend to enhance its efficiency. Its eggs are evenly distributed 
and over a larger number of hosts and the wastefulness of many a parasites is 
eschewed. Its crowning attribute is that it attacks the pest in its first genera- 
tion when the incidence is very low. The majority of host stages are easily 
accessible being nearer the surface in the stems because the plants at this stage 
are very young, tender and thm. Even a small percentage of mortality caused 
at the beginning of an outbreak is very effective because the weevil is known 
to multiply and build up its heavy population more by continuous breeding 
on the same crop rather than by any wave of immigrants. Since parasitism 
is restricted to only full-grown grubs it might be argued that the parasite 
begins to operate a day after the fair when the pest has completed its damage. 
This might be true in the case of other pests but not of this weevil. The initial 
percentage of incidence of this pest is usually low and the damage caused in the 
beginning of the season, though not negligible, is not appreciable. It is the 
potential increase of the damage as the generations advance that is a real 
source of danger which requires to be warded off. But the percentage of 
parasitism in nature at this stage is too low and inefficient to arrest the multi- 
plication and spread of the pest. Yet the utility of even this small rate of 
parasitism cannot be ignored in the maintenance of the balance in nature. 
The problem is that in spite of possessing such favourable attributes it is still 
not an effective parasite in the field. The reason may be that the parasites 
are not numerically strong during this critical time which defect can be recti- 
fied by artificial means and the percentage parasitism increased as in experi- 
mental cages. The question of enhancing the efficiency of an indigenous 
parasite in its native environment is a great experiment in an unexplored line 
of investigation in this country ; and the present studies, despite the know- 
ledge gained so far, are yet preliminary. There a.re a few instances of success 
in other parts of the world. The parasite certainly has possibilities and ex- 
tensive trials with the parasite are worth making though success is not assured. 
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THE ROLE OF FOOD AND ITS CONSTITUENTS ON THE 
PEODUGTIVITY AND LONGEVITY OF THE COTTON 
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(With one text-figure) 

Inteoductton 

A LTHOUGH Pempheres affinis has been the subject of study for many years, 

and considerable knowledge has been accumulated on its general biology, 
comparatively little is known of the power of reproduction of the adult female. 
This is indeed surprising since it is the adult female’s habit of oviposition on 
cotton that makes for its numerical abundance, destructiveness and economic 
importance. 

It is recognised that physical conditions exercise a profound influence 
on the physiological activity of any insect, including its oviposition. The 
writera carried out some studies on the behaviour of Pempheres under controlled 
conditions of tenjperature and humidity*. In the course of such studies, 
considerable new Mght was shed on its ovipositional response. It was noted 
that its fecundity was increased to enormous proportions with a supply of 
certain kinds of foods, the physical conditions remaining the same. This 
observation led the writers to feel the imperative need of studying the nutri- 
tional physiology of the weevil, particularly in relation to its productivity. 
Such studies are deemed to be capable of yielding results of practical import- 
ance. They may afford clues for its successful control. 

It is observed that some work has already been done on the subject of 
insect dietetics. These have been summarized by Uvarov [1928]. Among 
such contributions those of Larson and Fischer [1925] and Norris [1934] 
may be considered as pioneer investigations. Recent researches have also 
been largely directed towards an analysis of the effect of individual consti- 
tuents of food on insect physiology ; and contribution on this aspect is already 
on the increase. Among these, the investigations on Agrotis, Pyramta and 
Loxostege by Kozhantshikov [1938], on Lwcilia by Dorman ei aL [1938], on 
Rhagoletis pomonellahyDem [1938], on ApAids by Evans [1938], etc. form some 
of the more important contributions. Among Coleoptera it is only the Tene- 
brionidae, Bruchids and Dermestids that have received some attention 
in this respect. These notwithstanding, the problem of the role of food 

*The results of these studies axe embodied in a separate contribution by the authors. 
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and its constituents on the fecundity and longevity of msectemay be regarded 
practically as a virgin field and particularly so in regard to the group of msec s 

^°^heLTonsMerations served to bring into prominence the need for the 

study of the character and composition of food-requirements, both quahtative- 

lytJd quantitatively, of Pem#eres. Some 
started as a mere preliminary to such _ studies by 

Tinr=!iiance of such studies the oviposition of over 100 females haa been 
Ldied with a variety of foods and more or fjf 

between the period of July to December 1938 It is the purpose ot tne 
present paper to record the results of these studies. 

Review oe EBEViotrs work on Pmmpbbsbs 
Previous records dealing with oviposition of Pc^feerea are scanty. The 
few general references on its life-history yield very little data on its fecundity. 
This^may be partly due to the fact that egg-laying records of 
difficult to obtain. The eggs are laid concealed in cavities especially m 
in the bark of plants often without external indications in the form of scars. 
The earliest workers such as Lefroy [1908], Pletcher “ 

Awar [1918], etc. are more or less silent over this aspect. Ballara 
hi recorded an average egg capacity of 16-5 eggs per female with an average 
longevity of 16-7 days per female with a maximum of 30 eggs per female 
qualified by the remarks that in nature the egg-laying capacity may be greater. 
The present authors in the course of trials with about 500 females (1937-3») 
under controlled physical conditions noted a maximum of 121 eggs per temaie 
during a maximum life span of about three months, the average egg- ayxng 
capacity per female being 46. 

MTilTTTnTlft OV RTTTDY 


The methods employed in the study of this aspect on this weevil by the 
present authors and those by previous investigators appear to foe diherent. 
In cases where plants were exposed to weevils for oviposition in i^rly large 
cages, the maintenance of the live plant in condition in cages and the micro- 
scopic examination of all the plant-parts would appear to be very tedious and 
uncertain. In the present studies the weevils utilised for experiments^ con- 
sisted of newly emerged adults from caged cotton stalks. The cages employed 
were 6 in. x 1 in. glass tubes with mouths plugged with clean cotton. Mating 
took place frequently throughout their life. Previous experiments by authors 
have shown that no difference in productivity or fertility is produced, by isola- 
tion of males after a day or two or more. Instead of supplying entire plants 
for oviposition, small bits of fresh cotton stalks less than an inch in length 
were introduced into these cages. These were almost regularly removed after 
24 hours or longer intervals and examined by careful dissection under a 
binocular. The daily counts of eggs were recorded. Fresh, bits of stalks were 
supplied in the same manner. The specific food .selected for trial was intro- 
duced into the cage and removed daily. These cages were kept under iini- 
form conditions of temperature, humidity and light in the laboratory. .Daily 
records of these factors were also maintained. Any difference in the eggs 
Isiid or longevity observed in each such set was therefore attributable to the 
differences in the nature, composition and quantity of the food supplied* 
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known about the feeding habits of the adult female. That 
the main source of the food of the adult weevil is the stem of cotton is apparent 
from the feeding punctures caused in stem apart from those made for egg 
deposition. Whether the female supplements it by feeding punctures on an}^ 
other part of the cotton plant in nature has not been investigated. 

Experiments with bieeebent kinds oe food 

All the trials were carried out under almost identical conditions of tem- 
perature and humidity within a narrow range from 81° to 83° E. and about 
73 per cent relative humidity. 

The oviposition and longevity of the insect were tested with the following 
foods : 

Experiment I 

With no artificial /oorf. —Twelve pairs were tried under this head. No 
artificial food of any kind was supplied. The adults were deprived of even 
water. A small bit of fresh cotton stalk about an inch in length was supplied 
as a medium of oviposition. 

The females laid an average of 4 * 01 eggs with an average life-span of 9 * 01 
days. The maximum number of eggs laid by a single female was about 
20. The maximum longevity recorded is about Id days. Nearly 33 per cent 
females failed to oviposit. 

Experiment II 

Without artificial food but with a supply of water. — -Twelve pairs were under 
observation in this series. The average number of eggs laid per female was 
4*3 with an average life-span of eight days. The maximum number of eggs 
laid by a single female was about 11. It was found that the productivity 
has not been improved upon by a supply of water. On the other hand, 
maxima recorded for oviposition and longevity have decreased to a small 
extent. 

Experiment III 

With a supply of sugar solution.— Orilj seven pairs of adults were under 
trial in this category. These were provided with a daily supply of sugar solu- 
tion by means of cotton wool soaked in the same. 

It may be seen that an average of 25 - 3 eggs per female was deposited with 
an average life-period of 53- 7 days. The maximum number of eggs laid by a 
female was about 41 and maximum duration of life nearly 62 days. There 
was no instance of a female that failed to oviposit. It is evident from the data 
recorded that the effect of a sugar diet on longevity as also on fecundity 
is very pronounced. 

Experiment IV 

With a supply of sucrose solution.— Twelve pairs of adults were kept under 
observation with a supply of sucrose solution as food. 

There was an average number of 16' 7 eggs with an average duration 
of life of 52 days per female, The maximum number of eggs laid by 
a single female has risen to 35 with a maximum longevity of 91 
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days. A small percentage, namely 8-3, of females failed to oviposit. 
Sucrose -which is 100 per cent carbohydrate and said to possess great 
life-sustaining value has provided interesting data demonstrating the effect 
of an exclusive carbohydrate nutrition. In regard to longevity though the 
average does not sho-w an increase, it is clear from the maximum of 91 
days that the life-sustaining function of this constituent is remarkable. It 
has also clearly brought out that the productivity is diminished in that 
the average and the maximum number of eggs laid are decidedly lower 
than those with a sugary diet. 

Experiment V 

With honey soktiow.— Honey which is made up of 81-2 per cent carbohyd- 
rate and 0-4 per cent proteins was provided as food for a set of 12 pairs. 

It has shown an average of 19-1 eggs with an average life duration of 
30-3 days. The maximum number of eggs laid by a single female -was 
47. These data are of considerable interest when compared with sucrose 
or sugar diet. Honey which contains a trace of protein has shown a 
slight increase in the average productivity over sucrose though decidedly 
less than that with sugar. In the matter of maximum egg capacity, honey 
has produced such a high number as 47 as compared with 35 and 41 
by sucrose and sugar respectively. The average life however is con- 
siderably reduced on this diet in comparison with sucrose or sugar. In 
the matter of reproductive capacity correlated with duration of life, honey 
diet is seen to be definitely superior to sucrose or sugar. 

Expbeimbnt VI 

With jaggery as food .- — Jaggery was provided as food in the form of solu- 
tion in cotton wool for a set of 12 pairs. 

With this diet which contains a small proportion of protein, namely 0-6 
per cent, the life-span is seen to be considerably reduced in comparison with 
sucrose, sugar or honey. But the egg-laying capacity is seen to have 
appreciably risen in both the average and the maximum. 

Expbeimbnt VII 

With molasses as food.— A. series of 12 pairs was experimented on with 
a supply of crude molasses as food. This contains a higher proportion of 
proteins as also of impurities. 

Molasses with about 2 per cent proteins and 69 • 3 per cent of carbohyd- 
rates has shown interesting results. The life-span is considerably reduced 
together with a reduction in average fecundity as compared with any of the 
other foods. This is probably due to the large amount of impurities which 
renders it easily susceptible to fungus. It has however significantly brought 
out the influence of the protein constituent by an appreciable rise in maximum 
egg-laying capacity to as high a figure as 60. 

Expbeimbnt VIII 

With a supply of raisin . — With a supply of entire raisin as food 12 
pairs of adults were experimented upon. 

•. An enormous increase in both fecundity and long( 3 vity has been noted. 
There was an average duration of life of 67 • 5 days with an average of 76-0 
eggs per female. The maximum number of eggs laid by a single female has 
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risen to a record figure of 164 .with a maxiiniiiii longevity of about 186 days. 
Baisin containing: 2 • 3 , per cent: proteins^ 3 • 0 per cent ; fat , and 68 * 5 per^ cent 
carbohydrates seems to be so; far an ideal diet for this species. , The importance 
of this diet, especially nitrogenous part thereof, has been amply demonstrated 
by these experiments. 

, , ;OVIPOSITION SITES. 

It is believed that Goleopterous insects; require, in addition, to., a, generous 
food supply,, suitable oviposition sites for., stimulating egg-laying to the. maxi- 
mum capacity. ..Since, 'Pcmp/^efcs adults always .make a number of feeding: 
punctures before oviposition, the choice of oviposition sites may be influenced 
.by the suitability of the, .tissue in the spot .as food for the adult. "To. some ex- 
tent .the suitability , of a site may also be .governed by .the nature of food avail- 
able at the spot for the development of the grub that hatches out of the 
'egg. : It is known that the nutriment obtainable by a , weevil may not only 
differ with different species of plants but also with the various parts of the same 
plant. Such differences in composition are stated to exist between the vege- 
tative, flowering and other parts of the same plant. In order to see^ if differen- 
ces in the choice of oviposition sites are due to variations in food value for the 
weevil adults, a series of trials with the various parts of cotton plant, such as 
roots, tender bolls, etc. was made. 

Expbeiment IX 

Oviposition and longevity with a supply of roofs.—lii this experiment, only 
roots were supplied in cages. Twelve pairs of adults were tried. 

Eggs were laid at the cut end of the root caps leaving scars similar to those 
caused on stems. The eggs were not thrust deep into the roots. The average 
number of eggs laid was only I • 1 with an average duration, of life pet* female 
of 7*5 days. A maximum of six eggs is noted for a single female. Nearly 
66 • 6 per cent of the females did not oviposit. 

ExpebimentX 

With a supply ' of flower buds.- — ^Thirteen 'pairs were: experimented with. 
The only parts supplied as food as also for oviposition medium' were flower- 
buds. 

The eggs were deposited at the calyx region', buried inside, the . petals. 
Punctures were noticed on' the sepals. : There .was an average longevity' of 8 *. l 
days per female. ' ' The maximum number of eggs noted for a single female: was 
only about nine. 42*6 per cent of the adults failed to oviposit. 

Experiment XI 

With a supply of tender bolls, — In this case only five pairs were under 
observation. Oviposition in these trials was very profuse as in one instance 
nine eggs and in another seven were noticed in a day. Egg- layings were 
confined to the calyx region where the boUs were soft and succulent. Nume- 
rous punctures ‘were seen — sometimes as many as 40. Eggs were thrust 
into punctures made in the calyx and buried in the boll flush with surface of 
the boll. These were in most cases unsealed and visible. There was an 
average of 6*75 eggs with an average life-span of 8*2 days. A maximum of 
12 eggs was seen deposited by a single female. Nearly 20 per cent of 
the adults failed to oviposit. 
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Disottssion 

Interesting data of considerable significance has been obtained from the 
series of experiments just described. The physical factors of temperature, 
_ midity, light, etc., imder which the several experiments were performed 
bemg_ more or less identical, the only variable factor involved in the 
experiments was the character and composition of the food supplied. On a 
coinparison of the results obtained with the various foods, a wide range of 
vari^ion is_produced in regard to productivity and longevity by the nutrition 
afforded. It is evident from this that the weevils under favourable nutritional 
coiiaitions are able to draw oat in full their powers of reproduction. Table I 
presents the summarised results of all the experiments which are also express* 
eddiagrammatically inFig. 1 . 


Average longevity in days f'"" ''t 

Average egg capacity 

Fig. L Besults of nutritional trials 

Experiments without any supply of artificial food have shown an average 
of 4*01 eggs per female with an average life-span of 9*01 days. A mere supply 
of water produced an average of 4 • 3 eggs with a mean longevity of eight days. 
It is evident therefore that access to water has in no way increased the activities 
of the weevil. In the ease of aU the other experiments, a definite increase 
in both life- duration and egg-production is noticeable. It may therefore be 
inferred that both productivity and survival of the adult females are condition- 
ed upon taking some food other than the cotton stalk supplied and that all the 
eggs are not developed at the time of emergence and the reserve of fat body 
does not suflBce for full physiological functioning. 
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Leaving the experiment with raisin which is an extreme case, the other 
foods may be classed as predominantly carbohydrate in character. A com- 
parison of the data on average egg-laying capacity with each of the remaining 
foods shows that jaggery stands foremost with 31 • 1 eggs, sugar commg next 
being followed by honey solution, sucrose and molasses in the descending order. 
The results assume a dilferent aspect when the data of maximum egg-produc- 
tion are taken into consideration. Molasses with its slight protein content 
shows a maximum of 60 eggs and comes to occupy the first place ■ jaggery 
and honey solution, each with a trace of protein, rank next and seem to have 
almost equal effect with 47 each ; sugar and sucrose which are exclusively 
carbohydrate foods come next in the series with 41 and 36 respectively. 

On the other hand, the effect of these foods on the survival of the insects 
has yielded a different set of data. On the basis of average longevity those 
fed on sugar stand first with 53 -7 days ; sucrose closely follows with a mean 
of 62-0 days. Sucrose— cent per cent carbohydrate — ^reveals the longest 
duration of 91 days. Sugar and honey appear to be the next best. 
Jaggery and molasses stand far behind the others in this respect. The length 
of life with the latter foods is much more abbreviated probably owing to the 
more rapid rate of oviposition in them as compared with sucrose, sugar or 
honey (Table I) wherein greater longevity does not proportionately enhance 
the productivity but only quicker exhaustion of the ovaries resulting in a 
prolonged post-oviposition period. Among the variety of diets tested in this 
series of experiments, raisin stands supreme and unique in the matter of mean 
as well as maximum longevity and oviposition. A record figure of 164 eggs 
is obtained as maximum with the highest average of 76-1 eggs and a 
longevity of 136 days or nearly 4| months as maximum with 67 • 5 days as the 
average. It may be clear that no other food experimented with approaches 
raisin either in bestowing duration of life or egg-laying capacity. 

It is evident from the results discussed that the explanation for such 
wide variation in productivity and life-duration is to be sought in the quantity 
and quality of the constituents of the diets. It is a generally accepted fact 
that the adult insects in general can sustain life on a carbohydrate diet 
but require proteins for the development of the genital products. Uvarov 
[1928] has summarized the literature on the subject and instanced several 
cases in support of the same. Mackerras [1933] experimenting on Lucilia 
has demonstrated the same. This is strongly supported by such phenomena 
in nature as the occurrence of voracious predators among females of several 
groups of insects and animals, by the habit of certain female hymenopterous 
parasites in feeding on the body-fluids of their hosts [Flanders, 1936]. The 
latter author has emphasised the great need of parasitic females for a protein 
diet since a carbohydrate diet is often available. It is generally recognised that 
no reproduction is possible without inclusion, at some time, of nitrogen in the 
diet. In the case of Pempheres the fecundity is not only increased by a nitro- 
genous food but also to a small extent by an exclusively carbohydrate diet. 
This is apparently in conflict with the results obtained by Norris [1934] in 
respect of Ephestia spp. She says that a diet of cane sugar increases the 
longevity of females of Ephestia but has no effect on its fecundity. Dean 
[1938] has arrived at the same conclusion in his studies on Rhagoletis pommeUa 
(Apple maggot adults). He has found an increased number of eggs by adding- 
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a protein food to sugar, while with sugar solution the length of life is increased 
but only a few eggs are laid, ■ 

The results obtained by the present writers are to a certain extent in con- 
formity with those recorded by Larson and Fischer [1925] in their experiments 
with tBf quadrimaculakis. They have demonstrated that sugar feeding 

increases not only longevity but also fecundity. In the present trials the 
data show' that a sugar diet has certainly augmented productivity besides life- 
duration over that obtained with no artificial food or with mere w^ater. To this 
extent the writers agree with the findings of Larson and Fischer. Some of the 
latest researches on the subject seem to lend partial support to this inference. 
Kozhantshikov [1938] has proved that sugar nutrition in the case of Agrotis 
sp. MiAPyrausta nubilalia has great influence not only on longevity but also 
on fecundity and fat reserves. Researches on the moth Loxostege sticticalis 
by Larchenko [1937] have shown that reserve fat is formed in the larval stage 
which is passed on to the adult stage in fatty tissue and supplementary feeding 
in itself does not provoke egg-maturation ; the latter is only possible when the 
fat body is dissolved and used by adult feeding. On the other hand Dorman 
[1938] have shown that requires proteins for growth of 

ovaries and carbohydrate for long life of the adult stage. The data recorded 
by the authors with a raisin diet are in full accord with this finding. 

The fundamental importance of a study of carbohydrate nutrition in 
general cannot be over-estimated since in nature large groups of insects are 
entirely dependent upon an exclusively carbohydrate food, like nectar of 
flowers. Such investigations would be of great interest, particularly in the 
face of such a conflict of opinions. In the absence of any further evidence it 
may be safe to conclude that while the effect of proteins in stimulating egg- 
production is undoubted there is evidence to show that carbohydrates are not 
without any importance in this respect. In the matter of longevity it is clear 
that a sugar diet has great influence in prolonging life. 

From a study of the oviposition sites chosen by the weevil, some interest- 
ing though tentative conclusions can be drawn. Though under 

pressure of circumstances may select any part of the food-plant for oviposition 
such as root, flower-bud, shoot or boll, oviposition is generally poor and life- 
span considerably reduced. It may therefore be inferred that though the 
weevil can utilise any part of plant as an egg-laying site, the necessary food and 
stimulus for development of eggs and continued life are not obtainable from 
these sites. These experiments also admit of the following inference. The 
cotton stem by itself is unable to supply either in quantity or quality some 
nutritional factor or factors necessary for normal egg-produetion which the 
weevil may perhaps be able to obtain from either other parts of the same 
plant or other species of plants. Further studies in the line are urgently need- 
ed for a fuller understanding of the problem. 


Summary and coixolusion 

A series of experiments has been described to determine the effect of 
different kinds of food on the fecundity and longevity of Pempheres under 
nearly identical physical conditions. A convenient method of obtaining 
accurate oviposition record is given. 
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Table I is presented recording the results obtained in respect of various 
foods namely sucrose, sugar, honey, raisin, etc. 

Mere supply of water does not seem to have any beneficial effect on its 
life-duration or reproductive powers. An exclusive carbohydrate diet is 
noted to produce a remarkable increase in longevity as also to a limited extent 
in fecundity. Molasses with its slight protein content has shown an inci*ease 
in maximum egg-laying capacity over all foods except raisin. Raisin whose 
composition includes a smaU proportion of proteins and fats besides carbohy- 
drates has yielded best results. It seems to constitute an ideal food among those 
tested in respect of all activities inclusive of fecundity and longevity. From 
an average of about four eggs without any artificial food as high an average 
as 76*1 eggs per female with a record number of 164 eggs as maximum per 
female has been obtained on a raisin diet. Results of a few experiments on 
oviposition responses in relation to oviposition sites such as roots, flower-buds, 
bolls, etc. are also presented. 
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So far it has not been possible to control this pest by chemical and mechani- 
cal means [Sloan, 1938]. The pest also does not suffer to any great extent 
from the attack of predacious and parasitic enemies. The only hope, therefore, 
lies in the discovery of a resistant variety of cotton. 

The 3PROBLEM 

During 1937 and 1938 work was confined to the investigation of the 
following two aspects of the problem : 

1. The differences in susceptibility to jassid infestation among different 

important varieties of cotton. 

2. The causes of the inability of the insect to infest some varieties. 

Compa/rative jassid population on different varieties of cotton at Lyallpur 

Detailed records of the annual prevalence of jassids on different varieties 
of cotton in the Punjab before 1936 are rather scanty. The only published 
records in this connection are those of Lai [1937] who mentioned that the 
resistance of 43P (now called 289P/43) against jassids, though higher than that 
of some very susceptible varieties such as 38P, 45P and 289P, is not so high as 
that of 4F and that the resistance of J ubilee cotton though higher than that of 
the American varieties is about the lowest among the 

Preliminary observations soon showed that an ideal census of jassids, 
taking into account all the stages, ie. eggs, nymphs and adults was practically 
impossible. The eggs are laid in the leaf-veins and it is impossible to examine 
and count their number in field samples. The nymphs and adults could 
be recorded on leaves, but owing to vital differences in their habit, their relative 
numbers could not be determined by absolutely identical methods. 

A survey of literature showed that the commonest method of recording 
jassid population has been either to collect adults by sweeping and count 
them or count the living nymphs on a number of leaves. Sweeping method 
has been severely criticised by Delong [1932]. According to him, samples of 
insects collected by this method from various situations would vary with the 
prevailing conditions such as temperature, humidity, wind velocity, position 
of the operator in relation to the wind, position of the sun and size and con- 
dition of the crop. He came to the conclusion that, at best, this method 
could only give a very rough and an inaccurate estimate of the comparative 
insect population. 

Jassid population was determined in a field at the Cotton Research Bota- 
nist's farm at Risalewala (Lyallpur) where the following varieties had been 
sown in contiguous plots measuring 21 ft. X 171 ft. during 1937 and 1938 : — 

289P/43, LSS, 289P/K 25, 4F, lOOF and Jubilee cotton. 

The plots were sown on 14 May each year and received identical cultural 
treatments such as irrigation, hoeing, etc. Each variety was replicated seven 
times according to Fisher's randomized block system. During 1937, observa- 
tions were recorded in all the plots, but during 1938 only five replications of 
each variety were taken into consideration. The following methods were 
tried : 

Sweeping 

Sweeping was conducted with a hand-net 13 in. in diameter and having 
a terminal tubular muslin bag 27 in. long and with a wooden handle 27 
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in. in length. Sixteen forward and sixteen backward semi-circular sweeps, 
as far as possible, over the same distance were made on the cotton plants 
in the middle rows of each plot, thus making a total of 224 sweeps for each 
variety during 1937 and 160 during 1938. Pull cognizance was taken of De- 
long’s criticism of this method and the following precautions were taken ; 

(*) As far as weather conditions permitted, the sweepings were done 
in the morning hours only and the work finished in a reasonably 
short time. 

(ii) The direction of the sweeps was always against the wind. 

(m) Sweeping on adjacent plots, one after another, was avoided. 

(iv) The operator and the appliances were the same throughout. 

The total number of jassid adults collected in each day’s sweepings during 
1937 and 1938 are given in Tables I and II. 

Table I 

Jassid adults counted on different varieties of cotton by sweeping, 1937 


Date of observa- 

Number of jassid adults counted iu 
net 

: 224 sweeps of hand- 

tion (1937) 

LSS 

4F 

289F/43 

lOOF 

289F/K26 

June 8 



1 . ■ ■ ■ ■ ' ■ 


'2 - 

» 16 


i 

i 


2 

„ 22 


" '2 ■ ■■ 

3 

■ 4 

. . 6v 

„ 29 

3 


3 



July 5 

5 "' 

4 

4 

7 

21 

„ 12 

26 

32 

33 

46 

74 

„ 19 

44 

60 

57 

57 

101 

„ 26 

122 

135 

144 

169 

276 

Aug. 2 

262 

276 

300 

315 

660 

„ 9 

438 

480 

664 

630 

927 

„ 16 

584 

742 

776 

823 

1176 

„ 27 

778 

881 

946 

976 

1663 

Sept. 4 

1087 

1260 

1186 

1320 

2281 

„ 10 

992 

1079 

1074 

1170 

1967 

„ 17 

634 

670 

718 

863 

1366 

„ 23 

du 

466 

530 

589 

802 

Oct. 1 


226 

309 

336 

606 

.. 8 

142'^ 

145 

200 

254 

460 

„ 15 

61 

67 

79 

96 

186 

„ 22 

40 

57 ■ 

69 

94 

166 

» 31 

;23;' 

26 

34 

57 

89 

Nov. 5 


10 

31 

32 

69 

» 12 


11 

15 

20 

. 

28 
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Table II 

Jassid adults couTded on different varieties of cotton by swee^ying, 19S8 


Date of observa- 

1 Number of jassid adults counted in 160 sweeps of hand-net 

tion (1938) 

Jubilee 

cotton 

LSS 

4F 

289F/43 

lOOF . , 

^ 289F/K26 

June 7 







,, 15 

• . 

• • 

. . 

* . 

1 

.. 

» 22 

•• 

•• 

•• 

•• 

- 

6 ' 

July 1 


4 

, . 

• • 

3 

12 

» 6 

.* 

• • 


1 

2 

8 

» m 

4 

3 

10 

8 

10 

24 

21 

17 

22 

20 

28 

20 

78 

„ 26 

12 

8 

13 

10 

19 

109 

Aug. 3 

9 

16 

1 13 

24 

23 

149 

» 10 

27 

30 

37 

38 

55 

186 

„ 17 

32 

36 

34 

43 

58 

200 

» 23 

■ 24 

36 

28 

54 

41 

201 

„ 30 

24 

38 

37 

57 

46 

206 

Sept. 5 

32 

49 

44 

61 

60 

235 

,, 13 

17 

29 

22 

26 

29 

222 ■ ■ 

» 21 

4 

16 

14 

13 

14 

145 

n 28 


16 

11 

11 

13 

1 101 

Oct. 5 

6 

1 

12 

9 

8 

9 

82 

„ 12 

2 

11 

4 

12 

9 

52 

„ 19 

2 

14 

7 

9 

16 

41 

26 

!■ 


10 

" 2, , \ 

13 

9 

41 


CoUNTHTG OP LIVING NYMPHS ON THE LEAVES OP PLANTS IN THE PIELD 

Two plants of normal size and growtli were selected at random in each 
plot at each observation and the adults and nymphs carefully counted by 
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Table III 


Jassid nymphs counted on different varieties of cotton, 1937 


Total jassid nymphs counted 


Date of. observa- 
tion (1937) 


289F/K25 


No. of 
plants 
counted 

LSS 

4P 

1 

1 289F/43 

loop 

14 

1 

« • 

1 

2 

99 

1 

3 

2 

2 

,99 

2 

4 

4 

7 

99 

19 

20 

3 

21 

99 

29 

46 

38 

48 

99 

74 

74 

92 

104 

' *9 . 

108 

151 

145 

230 

99 

152 

222 

221 

266 

99 

194 

289 

339 

300 

99 

190 

221 

239 

276 

99 

166 

178 

223 

, 253 

99 

102 

160 

180 

209 

99 

80 

106 

106 

170 

99 

60 

83 

81 

103 

' 99 

; ; 46-'. 

43 

82 

120 

. 99 

24 

35 

32 

33 

' ' 

26 

27 

40 

49 

'99 

36 

39 

43 

60 

■■■'99 

18 

21 

34 

38 

99 

4 

9 

2 

12 
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Table IV 

Jassid nymphs cmnted on different varieties of cotton, 1938 



Date of observa- 
tion (1938) 



Jassid ] 

nyinphs ( 

sounted 



No. of 
plants 
counted 

Jubilee 

cotton 

LSS 

4F 

289F/43 

lOOF 

289F/K25 

7 June 

20 







15 „ 

20 

, , 

. ♦ 

* • 

« • 


i ■ 

22 99 

12 

•• 

. . 

1 

1 


5 

1 July 

15 



1 

1 


' 2 

6 „ 

20 

, . 

, , 

, , 


2 

19 

13 „ 

10 

2 

1 

3 

1 

3 

29 

21 „ 

20 

1 

3 

2 

2 

4 

. '':52 

26 „ 

10 

2 

2 


2 

6 

102 

3 Aug. 

10 


G 

3 

5. 

5 

124 

10 „ 

10 

i ■■ *4 

8 

3 

6 

11 

90 

17 „ 

10 

4 

5 

12 

5 

•14 

88 

23 „ 

10 

4 

8 

14 

10 

17 

140 

30 „ 

10 

5 

12 

IG 

9 

11 

156 

5 Sept. 

10 

8 

13 

16 

17 

22 

162 

13 „ 

10 

4 

7 

,7 : 

17 

13 

108 

20 „ 

10 

1 

4 

4 

13 

6 

82 

28 „ 

10 

1 

9 

6 

8 

8 

61 

6 Oot. 

10 

1 

3 

1 

i 

5 

11 

46 

12 » 

10 


5 

4 

8 

4 

56 

19 „ 

10 

1 

2 

■ 2 

1 

9 

38 

26 „ 

10 


2 

2 

4 

5 

26 
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Table V 


Estimation of jassid population on different varieties of cotton at Lyallpur bv 

fumigation, 1937 


No. of jassid adults and n 3 unphs counted on 


Date of observa- 
tion (1937) 


289F/43 


8 June 
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Table VI 

Estimation of jassid jaopuMion in different varieties of cotton at LyaMpur by 

fumigation, 1938 


No. of Jassid adults and nymphs counted on 


Date of observa- 
tion (1938) 


Jubilee 

cotton 


289F/43 


289F/K25 
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The data also show that the maximum prevalence periods of jassids were 
fairly constant in time, in both the years ; the highest infestation was noticed 
from the end of August to the second week of September. 

The efficiency of the various methods tried will be dealt with in the appen- 
dix. A few general observations are, however, given here. 

Sweeping was found to be very satisfactory for adults. Our work is not 
open to the objections raised by Delong [1932], as the various plots in which po- 
pulation was recorded were contiguous and all the operations were conducted 
in an identical manner in a reasonably short time on the same day. The 
factors that affected one plot also affected all the others to practically the same 
extent. Sweepings of any one day were, therefore, quite comparable. 

Counting the insects in living condition on the plants was found to be good 
for nymphs but not for adults which invariably flew away. In this case it is 
essential that the operation should be conducted very calmly without shaking 
the plants too much as older nymphs also have a tendency to hop off, if dis- 
turbed. This method, however, depends too much on human factor. 

Fumigation is a fairly reliable method both for adults as well as for nymphs . 
Lai [1938] regards this method satisfactory for adults but not for nymphs. 
Our method of working differed from his in that we counted the insects on 
the foliage and avoided too much shaking of plants. This was done because 
even after vigorous shaking quite a large number of insects remained sticking 
on to the plant parts. On the whole we found it more satisfactory to count 
the insects in situ rather than to try to collect them on the paper spread below 
the plant. Moreover, if shaking is resorted to, there is always a possibility of 
a number of smaller nymphs being blown off the paper where they cannot be 
distinguished from dust particles. We fully agree with Lai [1938] in the view 
that ' jassid attack is not uniform in the cotton fields/ and ' the accuracy 
of population estimation of this insect should depend on a large number of 
samples drawn from all parts of the fields ’. 

Development oe jassids on dieeerbnt varieties of cotton 

Developmental studies were carried out on both and American varie- 
ties. Amongst the latter, both resistant and highly susceptible varieties 
were included. The aim in view was to find out the differences, if any, in the 
behaviour of the insect on different types of hosts. The following experi- 
ments were performed : 

To determine the percentage of development of Empoaca devastaiis nymphs to 
adult stage on different varieties of cotton 

Equal number of 1st instar nymphs collected from bhindi {Hibiscus 
esculentus) plants were caged on the following varieties seven times during 
1937 and four times during 1938 : 

Jubilee cotton 
39 Mollisoni 
LSS 
4F 

289F/43 and 
38P 

Of these, the first two are desi varieties and most resistant while 38F is the 
most susceptible of all the American strains. The rest are fairly resistant. At 


Hi I 
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each observation three plants of the same age of each variety growing in pots 
were selected and covered separately with wire-gauze jassiiproof cages. The 
leaf-area offered for each variety was kept approximately the same.' The 
nymphs were handled with a camel-hair brush and unless a nymph moved off 
after liberation it was not considered healthy and was rejected. The number 
of these developing into adults was determined daily. Table VII gives a 
summary of the results. 


Table VII 


Nymphal development on different varieties of cotton 


Variety 

Total nymphs 
liberated 

Total adults 
emerged 

Percentage of ' 
success 

1937 

1938 

1937 

1938 

1937 

1938 

i 

LSS 

900 

pH 

CO 

691 

274 

76 ’7 

86-9 

4F 

900 

315 

719 

272 

79-8 

86-9 

289F/43 

900 

315 

723 

262 

80*0 

83-1 

38F 

900 

240 

732 

202 

81 -3 

84*1 

289F/K25 

•• 

316 


272 i 

. • 

86*9 

39 Mollisoni 

900 

315 

700 

209 

77-3 1 

66*3 

Jubilee cotfcon | 

900 

315 

1 

698 

254 1 

77-5 ; 

80*6 



_ The above experiments showed that the nymphs of E. devastans can flou- 
rish equally weU on all cottons, susceptible or resistant. This work confirms 
observations on the subject by Husain [1937] who experimented 
with ^fferent varieties. Peat [1926-27], working on E. facialis, is also of the 
view that jassid nymphs if forced to remain on plants of Cambodia cotton, 
a nignly resistant strain, can live and cause symptoms of attack on plants that 
are practically immune in the field. 

To determine the comparative number of eggs laid on desi and American varieties 
oj cotton by equal number of Empoasca devastans females 

During 1937, equal number jassid females that had not oviposited before 
were confined on leaves of plants of all the varieties mentioned above. These 
plants were Rowing in pots and were sown on the same date. The insects 
oviposit on one leaf for 24 hours, after which fresh leaves were 
as long as even one jassid female survived, 
m total number of eggs laid by each set of females was determined by 

in^Kafv oviposited upon each day and dissect- 
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Table VIII 

N umber of eggs laid on different varieties 


xne comparative number ot eggs laid on different varieties of cotton were 
tested yet in another manner. Three plants of each variety sown on the same 
date in separate pots were selected. An attempt was made to select an equal 
quality of leaf material for each variety. The plants were covered with 
jassid-proof we-gauze cages and equal number of jassid males and females 
^ught ixom bUndi {Hibiscus esculentus) plants were liberated on each plant. 
The nymphs hatching out each day from each plant were counted. The re- 


Jassid nymphs hatched on different varieties 


Total 

females 

liberat- 


Duration of 
experiment 


4F ; 289F/43 


No. 

of 


Eggs laid on different varieties 

females 


LSS 

4F 

289F/43 

, . 

38F 

39 

Mollisoiii 

Jubilee 

cotton 

" 5 ::. 

9 to 20 July 

33 

26 

35 

45 

6 

8 


13 to 26 July 

25 

34 

33 

42 

11 

6 

, ' 5 . 

21 July to 6 Aug. 

32 

36 

39 

47 

5 

6 

6 

4 to 21Aug. 

44 

45 \ 

53 

57 

9 

14 

' 5 . 

7 to 27 Sept. 

50 

54 

31 

54 

9 

12 

^ 5 ■ 

1 to 23 Oct. 

32 

37 

27 

55 

8 

10 

5 

9 Nov. to 11 Dec. 

16 

15 

17 

15 

1 

2 


38F 

39 

Mollisoni 

Jubilee 

cotton 

101 

20 

■ ■■ : 

23 

81 

' 

17 

22 

134 

28 1 

31 

92 

15 

15 

53 

10 

9 
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In the above experiment it is possible that many of the females may have 
oviposited before, but the results could not be vitiated by this fact as this 
factor was the same for all the varieties. The object of the experiment was 
only to compare the relative ability of the females to oviposit on desi and 
American strains. It cannot be believed that the fact that fewer eggs were 
always laid on the former was due to the females having oviposited before. 
Evidently the factor responsible for this lay more in the plants rather than in' 
the insect. 

During 1938, a suspicion arose that although the females may sometimes 
oviposit freely on the desi strains, yet some of the eggs may not hatch. To 
test this, the hatching percentage of eggs on different varieties of cotton and on 
Hibiscus esculentus which is the most favoured host of this insect in the Punjab 
was determined in the following manner. 

Equal number of jassid females, as before, were liberated on leaves of 
different varieties of cotton and bhindi as in 1937 and the number of nymphs 
hatching out from these was determined. The unhatched eggs were counted 
by dissecting the leaf-veins after the nymphs had ceased to emerge. The egg 
shells shrivelled up and became transparent after hatching and could not be 
distinguished from the leaf-tissues but an unhatched egg could be made out for 
sometime owing to the presence of yolk in it. The results obtained are sum- 
marised in Table X. 

Table X 

Hatching percentage of jassid eggs laid on different varieties of cotton and bhindi 

in 1938 


The following conclusions can be drawn from the experiments described 

(1) There is a marked reduction in the number of eggs laid by the jassid 
females on desi cottons. 


: 


Host plant 

No . of 
females 
used 

1 . ■ ' Total 

1 ■ 

\ ; laid 

Total 
nym} )l IS 
hatched 
out 

Hatching 

percentage 

i 

1 

39 Moilisoni 

40 

'33 . ;■ 

3 . 

100 

Jubilee cotton 

:,-4o , 

47 

47:, ,v 

100 ■ 

289F/K25 


■",V'-290 

; ■■,,''286 

98 -O 

i 

38F 

• . 1 


: ■ 2(>5 

'■ ,:^,,'-^263 '/■■■■:■ 

: 

1 ■ 99*2 

4P i 

j 

- 25 ■ 

154 

".;.',150 ",,V^ 

94-3 

289F/43 1 

30 

:'157'' ' 

■"■ ..■.'■■153' . 

■ ■ 97-4 ;,:■■■ ■•:":' 

MS ■ 

35 

180 

■'■174 

96*6 

Bhindi 

40 

I 

503 

495 

98-4 



varieties oi cotton to this pest must be sought in the leaf- veins [Lai, 1937]. 
Further work is now being directed to the solution of this problem. 

Summary 

Jassids are a very serious pest of American cottons in the Punjab. Desi 
cottons are, however, practically immune to it. The species of jassids most 
prevalent is Empoasca devastans Distant. 

The first problem tackled was to devise a reliable and quick method for 
estimating the comparative infestation on different varieties. It has been 
shown that sweeping with hand-net answers this purpose quite well. 

Varietal differences were observed in the case of American cottons. Of 
the commercially important varieties, LSS was found to be most resistant 
and 289F/K25 most susceptible. Other varieties, namely 4F and 289F/43, 
came in between these two extremes in the order mentioned here. 

It has been shown that the chief difference between the comparatively 
resistant or susceptible varieties lay in the number of eggs laid in the leaf- 
veins of these strains. The eggs when once laid had, however, no difficulty 
in hatching and the nymphs of all stages also could feed and reach normal 
maturity on all cottons equally well. 
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APPENDIX 

An accurate method of insect census is one of the most desirable and at the 
same time a very diiScult matter in economic entomology. During the course 
of the present work emphasis was laid on this aspect of the problem and the 
three methods mentioned in the text were employed on a large number of 
varieties for two seasons. The data are presented in Tables I— VI in the text. 
A detailed statistical examination of these data has been made. 

Since the infestation of jassids on different varieties showed a high corre- 
lation the significance of the mean difference between any two was found by the 
help of equation (1) where the standard error of the mean difference was 
calculated by equation (ii). 


where "J and y represent the mean infestation on any two varieties and 
is the coej05.Gient of correlation between the two [Treloar, 1935]. 

The average seasonal infestation on different varieties is given in Table 


Table XI 


Average seasonal infestation of jassids on different varieties 


Varieties ! 


1937 


! ; 

1938 



Sweeping 

Counting 

Fumigation 

! ■ Sweeping' . 

Counting 

Fumigation 

Jubilee cotton 




10*60± 2-60 

1*90 ±0*50 

3-31±0*69 

LSS 

247-6db69-5 

66-05±14-29 

126*43±25-74 

17'45± 3*23 

4*50± 0*89 

9*44± 1*94 

4P 

288*4±80'0 

86‘65i:19*46 

146*76±30-00 

15*25± 3*14 

4*85* 1*19 

9*31± 1*70 

239 ^ 1 ^^ 

307'7±80*2 

95-35d:21-90 

ie2*e2±3S-10 

20*80± 4*44 

5*75± 1-18 

9*44± 1*31 

lOOF 

341'9±87-5 

115-15i23-43 

195 -71 ±37 -60 

21-85i: 4*40 

7’55± 1*33 

12*63±2*45 

289F/K25 

557 *1^144 -0 

268-05i59*29 

412 ‘29^85 *04 

104«90±18*27 

69 *35^11 *35 

103*38±14*14 




VI] COTTON JASSID 

It will be seen from this table that the varieties Jubilee cott* 
4F, 289I’/43, lOOF and 289F/K 25 were placed in an ascending ordea 
cotton (a desi strain) being the least susceptible. Amongst the i 
strains LSS was found to be very resistant and 289F/E26 highly sm 

In order to find out whether the differences between the different 

were significant or not, the values of ' J ’ were calculated and are given 
■Xli. ■■ 


Values of ^ t 


Varieties compared 

1937 

1938 

Sweeping 

Counting 

Fumigation 

Sweeping 

Counting 

Fumigation 

Jubilee cottoE vs. LSS 

... 

... 

... 

5*04** 

4-48** 

4-06** 

Jubilee cotton vs. 41' . 

... 

... 

... 

4-84** 

8-60** 

4 '88** 

Jubilee cotton vs. 289F/43 , 


••• 


4*49** 

4-14** 

6-81** 

Jubilee cotton vs. lOOF 

'■ — 

... 

... 

6*59** 

6*14** 

4-33** 

Jubilee cotton vs. 289F/K25 



••• 

5-86** 

6*15** 

7*37** 

LSS 

vs. 4F . 

3*40*» 

3*33** 

3*99** 

2*15* 

0*53 

0*07 

LSS 

VS.289F/43 . 

2-06 

3-49** 

3-94** 

2*11* 

1*69 

0*00 

LSS 

vs. lOOF . 

4-41** 

4*91** 

4*91** 

2*49* 

3*72** 

1*42 

LSS 

VS.289F/K25 

4-11** 

4*42** 

4*76** 

6-70** 

6*11** 

7*47** 

4F 

vs. 289F/48 . 

2*68* 

2*02 

2*74* 

3*07** 

0*95 

0*16 

4F 

vs. lOOF 

4*73** 

4*46** 

4*28** 

4-28** 

3-33** 

1*93 

4F 

VS.289F/K25 

4*13** 

4‘3G** 

4-76** 

5-79** 

6-17** 

7-34** 

289F/43 

vs. lOOF 

3 *80** 

3-39** 

3-61** 

0*64 

1*92 

1*6’7 

289F/43 

vs. 289F/E:25 

3*80** 

4*53** 

4*72** 

5-78** 

6-04** 

6-09** 

lOOF 

vs. 2S9F/E:25 

3*73** 

1 

4*15** 

4 •28** 

6*73** 

6*98** 

7*30** 


‘ 'I / 
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of all cottons. LSS appear to be the most resistant American variety with 

difiference m the susceptibility of 4F and 289F/43 

somewhat better than'lOOF 
md 289F/K2ej. In its own place lOOF is better than 289F/K25 which is 

clin^atic conditions 

Comparison of the three methods 

oil that the level of significance of practicallv 

all the varieties is the same by the three methods. T&re are of course slight 
discrepancies here and there, but these are not such as to cast grave doubts 
on the similarity of the three methods. This finding is very interestin' ^ now 
we can employ any one of these methods instead of all the three, and thus save 
great deal of time and labour. As the counting of living nymphs and fumiga- 
tion are very time-consuming operations these can be discarded in f^our 
of sweeping. By this method alone the comparative infestation of tliA 


^ v: : ; 
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t I. Inteodugtion 

I physical environmental factors, temperature and moisture have 

I A-/ decidedly the most potent influence on the life-activities of all insects, and 

i for denizens of arid regions, such as the desert locust, moisture is undoubt- 

1 ; edly of fundamental importance. 

Schistocerca gregaria normally gets its supply of water through food, but 
when this supply is insufficient and loss of moisture from its body is excessive, 

I the locust will gnaw up any wet substance, even moist wool, though of little 

I nutritive value and thus appease its craving for water [Husain and Mathur, 

1936]. According to Buxton [1924], during periods of drought, desert insects 
obtain the necessary amount of moisture by feeding on ' apparently dry ^ 
fragments of plants, as the latter contain a fair amount of moisture absorbed 
from the saturated, or almost saturated, atmosphere of the cool desert nights. 
Swarms of locust, after long marches, have been observed to drink water as 
such [Nikolsky, 1925]. 

The mass multiplication of locusts, and the consequent development of 
the so-called ‘ gregarious ’ phase, is certainly c ^nnected with precipitation. 
Myriads of hopper bands cannot come into existence in the absence of an 
abundance of vegetation. Precipitation brings about the conditions of soil- 
moisture and atmospheric humidity necessary for the luxuriant growth of 
desert vegetation, which must always precede the mass multiplication of 
Schistocerca gregaria [Husain, 1929] in their permanent home. Ballard and 
his co-workers [1932] observed this during the last desert locust invasion. 
They state, ^ In most years there is insufficient moisture and food in Sinai 
(Egypt), to support large swarms of hoppers. Thepeculiar feature of the 
present year (1929-30) was the very abundant winter and spring rainfall all 
over Sinai 

* For previous parts see Ind, J. Agric. Sci., 1933, 1936 and 1937. 

fThis investigation was conducted at the Locust Research Laboratory, Punjab 
Agricultural College, Lyallpur. 
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F om his locust survey work in the permanent breeding grounds of Srh'. 
slocercagregana iix North India, Rao [1929] came to the exclusion that the 
essential conditions or the breeding and multiplication of locusts and the 
origination oj new locust cycles appeared to be widespread and heavy rain in 
Iran and Baluchistan m winter followed by heavy and well-distributed rain- 
tall during the monsoon period m the deserts of Sind and Ralputana 
_ hrom Bodenheimer’s observations [1929] on the life-duration of the starv- 
n 01 ^ 1 ^ j X ScUstocerca gregaria at several relative humidities, Uvarov 

at the conclusion that higher humidities were favourable for 
■ho hopper stages. _ Hamilton [1936] showed in three species of locusts (Locusta 
nugratona m^ratonoides, Schstocerca gregaria and Nomadacris sepiemfasciata) 
inA humidity controlled almost all the life processes. He found 

that the rate of development of hoppers decreased when atmospheric humidity 
ieU below the optimum, that the adults did not attain sexual maturity when 
toiospheric humidity w^ low and that unfavourable humidity adversely 
ffected the fecundity of females. Further, it has been observed that the 
eggs of Schistocerca gregaria are not laid in dry soil and do not develop in a 
partiaUy saturated atmosphere [Bodenheimer, 1929]. Thus, it would appear 

by^ mSr? ^ life-cycle of a locust is greatly influSced 

nature described in this paper abundant and easily 
available locust material is essential and such material can be procured only 
invasion. Although we are conscious of the incompleteness 
of the data presented the possibilities of an approaching cycle of locust acti- 

The investigation which forms the subject-matter of this paper was carried 
out under the Locust Research Scheme, financed by the Imperial Council of 
JedgSA’^^^^ Research, India. The CounciFs generosity is gratefully acknow- 



II. Method employed and DippictrLTiEs op peocedttee 
Investigations concerning the influence of environmental moisture on the 
active stages of such insects, as feed on green leaves, are fraught with several 
serious handicaps. The presence in a smaU cage of green leaves which cons- 

SiC[treSe1'i-f bodies, 

a on^ with <^xpired air and faecal matter, a considerable amount of water are 

factors which disturb the relative humidity persistently. This can be avoided 

to a certam extent by maintaining a current of air of the required relative 

S^up so Q?icMnrar^®Jh humidity are used, the leaves 

M qmckly that without frequent replacements the insects are likely 

to remain underfed and the results vitiated. It will thus be observed that 

f ^ anAntii:d"u£g 

trom a quick drying up of food material under conditions of low humiditv 

sr, ^ adiixx 

ri93S^sSii?d*fnS^t?v“ humidity within reasonable range, Hamilton 
oases, he even partially dried the leaves before presenting them to his insects. 
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He does not make any mention of the quantity of food eaten. As has been 
stated above, under ^such conditions the danger of underfeeding is evident. 
In Hamilton’s experiments the death rate was very high. It must not be 
forgotten that the moisture content of the body of an insect is not solely 
dependent on atmospheric humidity, and that the physiological changes 
resulting from a deficiency of food and particularly of its water-content 
are liable to be confused with those arising directly from the effect of the 
dryness of the surrounding air. 

in the case of eggs, there is considerable difficulty. On the one 
hand the eggs of the desert locust require an almost saturated atmosphere 
and a relatively high temperature for their development ; on the other hand, 
they are extremely susceptible to fungus and nematode attacks. High tem- 
perature and high humidity are exactly the conditions which are favourable 
for a vigorous growth of fungi and a quick multiplication of nematodes, and 
therefore it is often an extremely difficult matter to ensure successful hatching. 

Water, soil and apparatus used in such experiments can be sterilised, 
but it is not as easy to deal with the eggs in a satisfactory manner. They 
are very delicate and fungicides are positively harmful to them. All that 
one can attempt to do is to wash the eggs thoroughly in sterilised distilled 
water. This method is however, not always an effective one; even a few 
stray spores present may develop quickly under conditions of warmth and 
humidity and destroy the eggs. On account of these handicaps we have had 
numerous failures and a very large number of experiments had to be con- 
ducted to obtain the data presented in this paper. 

III. iNELXJElSrCE OP ATMOSPHEEIO HITMIDITY ON SEXUAL MATURATION AND 

LONGEVITY OP ADULTS 

Sexual maturation 

Temperature has a well-defined influence on the maturation of the sex- 
glands. For example, the pre-oviposition period oi Schistocerca gregaria adults 
exposed to 36°C. is about three weeks and at 40®C. this period is reduced to 
about two weeks [Husain and Ahmad, 1936]. The relative humidity of the 
atmosphere has also been regarded as a factor influencing sexual maturation. 
Roubaud [1930] observed that ScMstocerca gregaria sudults kept in a moist 
atmosphere reached sexual maturity after three to four weeks only. On the 
other hand, sexual maturity was completely inhibited in adults placed in a dry 
atmosphere. At 35-40 per cent relative humidity and at temperature of 
30°-40®0. the adults in his experiments lived for over ten months without 
ovipositing. He states : — 

‘ J ’indiquerai tout d’abord qu’en captivite, les criquets maintenus en air humide 
(au moius a’ 50 pour 100 d’ etat hygrometrique) et a la chaleur peuvent parvenir rapi de- 
ment et sans arret a la reproduction .B’ autre part, si 1 ’on soumei 

des criquets parvenus a V etate adult©, mais encore sexuellement immatures, a des con- 
ditions de secheress© continue, plus ou moins comparable a celles des regions desertiques, 

on les voit supporter parfaitement bien ces influence........... Les criquets 

maintenus en permanence a une haute temperature continue (30^0.— 40®C.) mais avee 
im etat hygrometrique artiflciellement abaisse a 35-40 pour 100, passent a une condition 
de latence tres caracteristique ; leur pigmentation n’evolus pas, Taotivite aliment air, 
d’ abord tres grande, se relentit lentement, tandis que IV evolution sexuelle se montre 
compietement suspendue dans les deux sexes ; les insectes peuvent ainsi etre conserves 
pendant des mois en anhydrobios© sans parvenir a la maturite sexuelle. ’ 
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He- thus concludes that sexual deYclopment is arrested' by low atmos'* 
pherio, humidity. Unfortunately he does not -mention anything about the 
food of the insects under experiments.' Did he provide green leaves ? If 
so, were not the locusts able to get the required amount of moisture from their 
food ? In an atmosphere, where relative humidity is low, it is almost certain 



that the green leaves supplied as food would dry up very quickly. It seems, 
therefore, highly probable that in such experiments drying up of the food and 
the consequent underfeeding, resulting in deficiency of water in the tissues 
of the insect, are significant factors in inhibiting sexual maturation ; dryness 
of the air may perhaps be an indirect factor. Further it must be recognised 
that sexual maturity and oviposition are two distinct and independently 
controlled processes. 

The latest contribution on the relation of atmospheric humidity to sexual 
maturity among locusts is that of Hamilton [1936]. He experimented with 
three species of locusts and arrived at the conclusion that in all these species, 
sexual maturity was retarded in the adults living in an atmosphere which con- 
tained either very low or very high relative humidity. Thus he found that 
iot Schistocerca gregaria the lowest relative humidity at which sexual matu- 
ration occurred was 40 per cent at 9tf^F. and 45 per cent at i00°F. and that 
the optimum range of humidity was 40-75 per cent. Humidity of 80 per cent 
was considered by him to be the upper limit for sexual maturity . As has been 
shown above, it is doubtful if Hamilton was able to keep his insects properly 
fed and retardation in sexual development may have been the result of under- 
feeding. In the following account it is shown that when an adult desert 
locust is properly fed and gets the optimum amount of water through its 
food, the atmospheric humidity has no noticeable effect on the maturatiQn 
process. All that matters is the presence of the requisite amount of moisture 
in the body, no matter how it is obtained and retained. 

In one of our experiments, two pairs of fliers, obtained from hoppers 
bred under similar environmental conditions, were kept from the date of 
acquiring wings (20-21 March 1934) at 3ff^0, in 85 and 35 per cent relative 
humidity respectively. Fresh cabbage leaves were supplied four times daily. 
The female at 85 per cent relative humidity dropped the first batch of eggs on 
6th April, i.e. after 17 days ; the female at 35 per cent relative humidity ovi- 
posited on 15th April, i.e. after 26 days. Thus sexual maturation was not 
inhibited but only delayed slightly by low atmospheric humidity. 

In another experiment two lots of freshly hatched hoppers were bred 
crowded at 35°C. in 85 and 36 per cent relative humidities. On acquiring 
wings they were provided with moist sandy soil for oviposition, which was, 
however, covered over with thin parchment paper, and a layer of dry soil half 
an inch in thickness. Thus the moisture in the soil below could not disturb the 
relative humidity of the air above. The locusts were fed four times every 
day, as in the previous experiment. In 85 per cent relative humidity, a pair 
which had acquired wings on 9th September 1935, copulated and the female 
laid eggs on 24th September. Another pair, which was bred in 35 per cent 
relative humidity and which had acquired wings on 11th September copulated 
on 25th September. The female bored twice for oviposition on the same date. 
Finding the soil unsuitable for oviposition the eggs were withheld for six 
days and then dropped on the surface of the soil on 1st October. Thus the 
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preoviposition period was 15 days in the former case, and 14 days in the latter 
case, i.e., the adults in low and high humidities attained sexual maturitv 

simiiltaneously. ' 

It would appoar froiu those experiments that in low atmospheric hiimiditv 
sexual maturation of the desert locust is not siguificantly slackened and cer- 
tainly not inhibited. We, therefore, believe that if the adults are provided 
with an ample supply of fresh food, e.g. if fed on green succulent leaves (pre- 
ferably on a plant), the desert locust can attain sexual maturity however 
deficient in moisture the atmosphere may be. 

Longevity of adults 

To study the influence of saturated and moisture-deficient atmosphere 
on the longevity of freshly emerged adults the following experiment was 
conducted: 

Two similar wire-gauze cages with moist soil at the bottom, were set up 
side by side. Along the four sides of one of the cages were hung curtains of 
cotton lint which were soaked with water and the lower free margins of which 
were kept immersed in a channel full of water. Thus the four sides of the 
cage were maintained moist. The water lost through evaporation from the 
surface of the cotton lint was replenished from the water provided in the 
channel. The top of the cage was left uncovered. In this manner the humi- 
dity in this cage w^as maintained at almost the saturation point. The other 
cage was left at room humidity which averaged 40 per cent. The longevity 
of the adults kept in these two cages is shown in Table I. All the adults 
were of the same age and were bred together before their transfer to their 
new environment. 


Table I 


Longevity 0 / Schistocerca gregaria adults in saturated and partially saturated 
atmospheres {temperature range : 26 ^6 to 


Serial 

No. 

Date of 
transfer to 

i 

Saturated atmosphere (rela- 
tive humidity — 100 percent) 

Partially saturated atmos- 
phere (average relative humidity 
40 per cent) 


cage 

Date of 
death 

Longevity 

(days) 

Date of 
death 

Longevity 

(days) 

1 

15 July 

17 July 

■ ■ , 2 

30 July 

16 

2 

' ' ' 

20 „ 

■ . 5'' ■■■ 

2 August 

18 

3 


21 „ 

6 

28 „ 

44 

4 

■ JS ■ , 

22 „ 

7 

12 Sept. 

59 

5 

ji 

22 „ 

' 7 ■ 

12 „ 

59 

6 


30 „ 

15 

23 „ 

70 

7 

17 July 

30 „ 

13 

. . ' 


8 

20 July 

5 August 

16 

• * 
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It will be seen that the adult that lived longest in saturated atmosphere^ 

- survived for 16 days only. Many of them lived for a much shorter period. 

On the other hand, in the cage kept at room humidity (average 40 per cent) 
the longevity reached a maximum of 70 days. Thus in an atmosphere 
containing moisture to saturation point the life-span of ScMstocerca gregaria 
is cut short and the mortality percentage increases. It may be mentioned 
in this connection that the desert locust is extremely susceptible to bacterial 
and fungal diseases, and possibly this is one of the chief factors responsible 
for the short life of the locust in a saturated atmosphere. Roubaud [1933] 
also observed high mortality in humid atmosphere and very few deaths and 
longer life in dry atmosphere. 

Hamilton [1936] found a gradual decrease in the length of life of ScM- 
atocerca gregaria with a rise in humidity. Eighty per cent humidity and above 
were found to be detrimental to the desert locust. These observations lead 
one to the conclusion that a comparatively less humid atmosphere suits the 
desert locust better, provided it is able to get the requisite water supply from 
its food. This is exactly the condition in the natural home of the desert 
locust. This view finds further support from the fact that the gregarious- 
phase locust flies far and wide into fertile areas but cannot survive and multi- 
ply for more than a generation or two in areas where humidity is higher than 
in its desert home. Thus while the fliers may reach the extreme eastern limits 
of India, their permanent home does not extend to the east and north beyond 
the Rajputana desert. 


I 

i5 '1 IV. Soil moistxibe and oviposition 



Under naturai conditions swarms of the adult locust oviposit in a great 
variety of soils, the one necessary condition being suitable soil moisture. In 
soils where moisture is deeper than usual eggs are laid at a comparatively great- 
er depth than in soils where moisture is nearer the surface. 

In a particular instance at Tala-gang (Attook district, Punjab) it was 
noticed that a swarm of the desert locust which was ready to lay eggs, settled 
on the sloping sandy bank of a stream of water. The soil moisture of the bank 
varied from saturation point, near the water edge of the stream, to almost dry 
sand at the top of the bank. The locust swarm restricted its egg-laying acti- 
vity to a longitudinal strip of land a few feet broad and running parallel to 
the stream. For oviposition the soil next to the stream which was full of water, 
as well as the dry or almost dry soil farthest from the running water was 
avoided. In this connection, Gough [1916] states, * The females appear to be 
very careful in the selection of the best site in the neighbourhood for deposit- 
ing their eggs ; and yet the choice varies immensely in different places. Ab- 
solutely dry sand and wet mud are never used if more suitable positions are 
available. Banks of canals and drains or irrigation channels in the fields 
are often selected. In such places the eggs are in a definite zone, not too 
close to the water (at the time of laying) nor too high above it, as to cause the 
place to be too 6:^^^ 

Our experience in the laboratory confirms these observations. Fully 
mature females placed in cages provided with dry sandy soil bored at several 
places but did not oviposit. They withheld their eggs as long as was physically 
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possible for them to do SO and finally dropped the eggs on the surface of the 
soil. Where soil was watered at this stage the eggs were readily laid in the 
soil in the normal manner. 

Definite experiments were conducted to analyse this beha¥iour. An 
Gviposition cage was fitted with glass tubes (3 cm. bore and 15 cm. long) which 
were filled with dry and moist sand up to different depths and in different orders. 
In order to prevent moisture of the wet soil running into the dry soil, the two 
layers were separated by thin water-proof paper. Mature females were 
introduced in these cages. The results are presented in Table II. 


Table II 


Influence of soil-moisture on omposition 


Upper layer of soil 

Lower layer of soil 

Total depth of 
bore in 


Nature 

Depth 

(cm.) 

Naiire 

Depth 

(cm.) 

which eggs 
were laid 
(cm.) 

Remarks 

Moist 

7-5 

Dry 

7-5 

8-0 

Eggs laid 


8-0 

1 99 

7-0 

8*0 

99 99 

99 

6-5 

\ 

i >9 

8-5 

6-5 

99 99 

99 . 

5*5 

99 

9-5 


No eggs laid; bored 
into dry soil 

99 

5-0 

99 

10-0 


99 99 

99 

4-0 

99 

11-0 


99 99 

99 

. 3‘5 

99 

11-5 

.. 

j 

99 

2*0 

» 1 

13*0 

•• 

99 99\ 

Dry 

9-5 

i 

Moist 

- 5-5 ' 

8*0 

Eggs laid 

99 

9*0 

99 

6-0 

9-5 

i9 99 

99 

8*0 

99 

7-0 

9-8 

99 99 

99 

8»0 

99 

7^0 

8-5 

99 99 

■ ' ■ 99 

4*0 

99 

11-0 

7*5 

99 ' ' 99 

99 

3*0 

99 

12*0 

7*0 

99 99 

99 

2*0 

99 

13-0 

6*8 

99 99 
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11; wJi be noticed that when the layer of moist soil which is always sought 
for oviposition, lay below the dry soil the females bored through the dry layer, 
if it was not too deep, pierced the paper and getting into the moist , soil 0 ¥i- 
posited there. On the other hand, when the top layer was moist, the female, 
in order to avoid the dry soil below, laid eggs at a much shorter' depth than 
normal. When the top layer of moist soil was much too thin the eggs were 
not laid there, it being physically impossible for the locust to lay eggs at a 
depth shorter than a certain minimum. Normally the abdomen is thrust 
into soil up to the III segment or so before the eggs are deposited. When the 
top layer is of dry soil and is too deep for the abdomen of the female to bore 
through, she desists from oviposition. 

It has been commonly observed that swarms of locust do not settle and 
lay eggs in a field if it is flooded with water. What is it that prevents the locust 
from doing so ? In an experiment ripe females were kept in a cage in which 
water was kept standing. They did not lay eggs as long as the water was 
there, but when the surface water was drained off the eggs were laid in the other- 
wise waterlogged soil. In another experiment females were made to oviposit 
in water. A breeding cage was fitted with test-tubes, each of which was 
filled with water except for the upper two inches which contained soil sup- 
ported by waterproof paper partition which was fixed to the tube by means 
of wax. The female bored through the two inches of sand and pushed her 
abdomen into the water and dropped eggs and deposited froth. This shows 
that a lemale is not incapable oi laying eggs in water but in a fl.ooded field 
she cannot do so because perhaps the conditions there do not allow her to get 
the requisite anchorage to bore a hole. It must be made clear that in these 
experiments the locusts were made to lay eggs in somewhat unfavourable 
situations. 

While making observations on the above-mentioned female as she laid 
eggs in water, it was interesting to note her rather extraordinary behaviour . 
Normally, as a female oviposits she contracts her abdomen a little to allow 
the egg to be deposited. The female which was ovipositing in water had no 
such necessity. Each egg that was deposited dropped down at the bottom. 
Thus the female continued to lay the cluster without contracting her expanded 
abdomen. Einally, the female started withdrawing her abdomen and deposit- 
ing frothy matter. 

V. Influence oe relative humidity oe air and soil-moisture on in- 
cubation 

InJlucThce of fdative humidity of air 

Freshly laid eggs were removed and placed on cotton lint in glass tubes 
kept at constant relative humidities of 60, 80, 90, and 100 per cent and cons- 
tant temperatures of 26, 33, 36 and 37°C. In a second series, batches of eggs 
which had completed about one-third development were placed in 80, 90 and 
100 per cent relative humidities at room temperature (28°-30°C.)* Results 
are set out in Table III, 

It will be seen that at 90 per cent relative humidity and below, fresh 
eggs could not complete their development. With cent per cent relative 
humidity the incubation period was 11 days at 11 to 12 days at 36''0., 

12 days at and a little less than 32 days at 26'^0. The eggs which had 
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Table III 


Incubation period at different temperatures and relative humidities 




A* Freshly laid eggs 


Shrivelled 


Shrivelled 


Shrivelled 


On 22 Sept, 
found hatched 
and dead : 
on© living 
Shrivelled 


B. Eggs which had completed IjS of their development 
100 do. 4 Sept. .. 15 

90 20 Aug. 4 Sept, . . 15 

80 do. 6 Sept. . . 17 


3 out of 
5 hatched 
1 out of 
5 Imtehed 
do. 


100 

21 Aug. 

1 Sept. 1 Sept. 11 

90 

do. 

.. 

80 

do. 

.. 

60 

do. 

. . ' ■ ... . . ; 

100 

do. 

2 Sept. 1 Sept. 12 

90 

do. 

.. 

80 

do. 

. , . . ■ . . . . 

60 

do. 

. . . . 

100 

do. 

2 Sept. 2 Sept. 12 

90 

do. 

■ . . .. .... 

80 

do. 

.. .. 

60 

do. 

! 

100 

do-. 

! 22 Sept. 22 Sept. about 32 

1 ' 

90 

do. 

, 

80 

do. 



Date of hatching 

Relative Date of 

Incuba- 

Temp, humidity oviposi- , 

tion Remarks 

C^C.) (per cent) tion 

period 

(1931) Tube 

Tube (days) 

' No. T 

No. 2 
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completed one-third of their development took 15 days to complete the re- 
maining two-thirds of the embryonic development in 90 as well as 100 per 
cent relative humidities at room temperature (28° — 37°C.), but those kept in 
80 per cent relative humidity hatched after 17 days, i.e. two days later than 
the eggs kept at the same temperature but incubated under optimum moisture 
conditions. Bodenheimer [1929] performed similar experiments on eggs which 
had completed one-third or two-thirds development. He also arrived at the 
conclusion that the eggs exposed to a partially saturated atmosphere, at a 
later stage of development, were able to complete their development. 

Thus it may be concluded that freshly laid eggs can develop only in satu- 
rated atmosphere, a lower relative humidity being fatal for them. Partially 
developed eggs can complete their development in an atmosphere of lower 
relative humidity but the rate of development is considerably retarded. 

Influence of deficient soil moisture 

In Locustana pardaiina, which undergoes a long diapause in the egg 
stage, Paure [1932] succeeded in hatching eggs which lay dormant in dry soil 
for 37 months, and according to Lounsbury [1915] they could be kept in a 
state of suspended animation for three and a half years. Locustana pardalina 
is characterised by the existence of a diapause in the egg stage and Faure 
mentions that the normal suspension of development takes place in spite of 
temperature and moisture being favourable for development. On the other 
hand Schistocerca gregaria has no egg-diapause, i.e. the development of the em- 
bryo is continuous provided the temperature and soil-moisture are favourable. 

Statements have often been made to the effect that eggs of Schistocerca 
gregaria also remain undeveloped for a long time, and according to some for 
years, if kept under relatively dry conditions. Further that such eggs resume 
embryonic development when sufficient moisture becomes available to them. 
King [1921] mentions this possibility for Schistocerca gregaria but deplores 
lack of evidence. He suggests the possibility of oviposition occurring some- 
times in dry earth and the eggs remaining unhatched until rain falls and pro- 
vides them with the requisite moisture. This prolongation of the egg-stage 
has been reported to occur under natural conditions also. If this is so, 
it is evident that low temperature cannot be the determining factor. The 
threshold of development of the eggs of the Desert Locust is about 18°C. and 
in no region of the breeding area of the Desert Locust does a temperature of 
18°C. or less prevail for a long period of time. Therefore it is likely that in 
such cases moisture is the controlling factor. No experimental evidence 
was available to support these statements in the case of Schistocerca gregaria. 
Experiments were designed to discover the influence of deficiency of moisture 
in soil on the development of eggs. The difficulties of these experiments 
have been pointed out. In what follows, results of successful experiments 
have been given. Four experiments were carried out with sandy soil and one 
each with loam, clay-loam and clay soil. In experiments 1 and 2 the sand 
used was dried in an oven at 60°0. In order to obtain maximum hygroscopic 
moisture, this sand was then kept in a dish in a desiccator with cent per cent 
relative humidity for two days and was occasionally stirred. To the soil, 
’t^ch had absorbed maximum hygroscopic moisture a measured quantity 
oi water was added (Table IV) and the soil thoroughly mixed. Freshly laid 
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eggs were removed from the soil of the ovipositioix cages and placed about 
I inch below the soil of known moisture-contents in each dish. The 
dishes were then returned to the desiccator in which the atmosphere was al- 
ways maintained, saturated with moisture, at room temperature. In all the 
dishes, including those that contained sand with maximum hygroscopic mois- 
ture, hatching took place without further moistening of the soil. Evidently 
the eggs in sand were in equilibrium with a fully saturated atmosphere and 
there was free water of condensation in the soil available to the eggs. 

In experiment 3, (Table IV) one batch of eggs was placed in air-dry sand 
(dish a), i.e. in sand containing moisture below the maximum hygroscopic 
limit. The second batch was placed in moist sand to serve as control (dish 5). 
After placing the eggs the mouths of both the dishes were sealed with wax 
and wax-paper. In another experiment (4) one batch of eggs was similarly 
sealed in sand containing only hygroscopic moisture in equilibrium with 80 
per cent relative humidity (dish a) and another in moist soil to serve as control 
(dish 6). On 14 May 1934 and 21 May 1934 when the respective control 
eggs had hatched, some water was added to the soil of the other dishes in 
which no hatching had taken place. The eggs in these dishes hatched on 25 
May and 31 May respectively, i.e. 10 to 11 days after moistening. 

Experiments 5, 0, and 7 were conducted on the same lines as experiments 
1 and 2 except that the soil used was loam in experiment 5, clay loam in 
experiment 6 and clay in experiment 7 . The eggs hatched in all the dishes 
in which the soil contained a higher percentage of moisture, while in the 
case of dishes containing low soil-moisture, namely dish c in experiment 5 
and b and c in experiment 6, no hatching took place until the soil was mois- 
tened subsequently. It will be noticed that several of these dishes contain- 
ed soil having a much higher percentage of water than the maximum hygro- 
scopic moisture. The results of these experiments are given in Table IV. 


Table IV 


Influence of soil-moist ure on the development of eggs {193i) 


Temperature during 
experiment (®C.) 


Experi- 

nrent 

Xo. 


Average 

iiiaxi- 

mam 


Average 

ininimuni 


Befer- 

ence 

Xo. 

Soil 

Dish 

Xo. 

Percentage 
of moisture 
added 

Date of 
□viposition 

Date of 
moistening 

Date of 
hatching 

Incuba- 

tion 

period 

(days) 

E22 

Sandy 

a 

Saturated 

4 Aug. 


16 Aug. 

12 

■■■ 

»» 

b 

8-4 

do. 

... 

17 ,, 

j' ; 13 - 


»> 

c 

4-2 

do. 

... 

18 „ 

1 

1 

■ » ... 

»> 

j ^ 

Max. hyg. 

do. 

... 

21 „ 

17 

P80 


1 ^ 

4-6 

4 Sept. 

... 

17 Sept. 

13 



938 ' 


THE INDIAN JOUHHAL OF AGRICULTUEAL S0I1HCB 


[X. 




Conclusions , — irom Table IV it is evident that in sandy soil, containing 
maximum hygroscopic moisture and exposed to fully saturated atmosphere, the 
eggs of the desert locust were able to complete their development, although 
the incubation period was longer by five days as compared to the control eggs 
kept at optimum^ soil-moisture. Thus a comparative deficiency of moisture 
in soil resulted in e corresponding prolongation of the incubation period. 
When, however, the eggs were placed in soil more deficient in moisture, for 
example in air-dry sandy soil, i.e. in sand containing less than the maximum 
hygroscopic moisture, the development of eggs was arrested, and recommenced 
only when the^ soil was subsequently sufficiently moistened. Thus, in ex- 
periment 3, whilst the eggs in the control hatched after an incubation period 
of 1 7 days, those in air-dry sand had to be provided with more moisture to 
complete their development. These eggs hatched J I days after the moisture 
was added. The incubation period at the temperature at which this experi- 
ment was conducted being 17 days, and the incubation period after the 


Bxperl' Befer-. 
ment ence 
No.' NO. 

Soil 

T)isli 
■ NO.. 

Percentage 
Of raolstnre 
added 

Bate of 
oviposition 

Bate of 
moistening 

Bate of 
batching 

Incuba- 
tion ■ 
period, 
(days) 

Temperature during 
, experim.ent C®C> 

Average Average 
m.axi- . minimum 
mum 

■■ ' ■ 

BSO- 

Sandy 

b 

4-6 

4 Sept. 

• «# 

17 Sept. 

' 

13 

'34 

31* 2,,'./ 



c 

2-25 

do. 

... 

19 sept. 

1. 

:» '■ 

tt 


if 

d 

2*25 

do. 

... 

19-21 „ 

15-17 


'ii '. 



e 

Max.}iyg. 

do. 


27-29 „ 

'' 23-26 

33''6 

'2'9"'; , 

3 1456 


a 

Air dry 

27 April 

14 May 

26 May 

28 

30 

Constant 



b 

Control 

do. 


14 „ 

17 

... 

»i ' 

4 L452 

» 

a 

Hyg. at 80 

8 May 

21 May 

SI „ 

23 

35 





percent 










B. H. 








' ti 

b 

Control 

do. 


21 May 

13. 

... 


5 Q16 

Loam 

a 

30 

18 July 


81 July 

13 

36*1 

33*0 


it 

b 

20 

do. 


do. 

it 


»» 

M ... ■ 

it 

c 

20 

do. 

1 

, j 

do. 

' 


■ ' 

J» 

it 

d 

' ■■■■ 5 . / 

do. 


8-4 Aug. 

16-17 

36*0 

»» '■ 

it 

it 

.0 ■■ ■ 

Max. hyg. 

do. 


6 Sept. 

60 

34*0 

... ' 

31*8 

6 P30 

Clay 

loEm 

. .'. ■■ a 

13 ’3 

4 Sept. 

Attacked by fungus 


, 


a 


b 

6-6'.:. 

do. 

14 Nov. 

24 Nov. 

81 1 

28*4 

■ 24*1 

it 

99 

■ ■ c ■ ■ 

6-6 

do. 

do. 

do. 

. 81 ; 

»» 


it 

99 

d 

Max. byg. 

do. 

10 Nov. 

Attacked by fungus 



7 Q14 

Clay 

a 

18*7 

7 Aug, 


19 Aug. 

12 

34 

■'33 

» 

Si 

b 

9*8 

do. 


21 Aug. . ' 

■ 14 ,, 

' »» .' 

33' ■ 


» 

i ■ 'C 

6*3 

<io. 

21 Aiig. 

6 Sept. 

30 ' 

1 ■32*5.1 

31*7' 


99 

d 

3*2 

do. 

do. 

do. 

30 "■ 

it ’ 

31*7 

1 ” 

99 

' ■ e ■■ 

Max. byg. 

do. 

5 Nov. 

Attacked by fungus 
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gubseq^tteiit additioii of wate^ 11 days, it may be correct to assume 

that the development to the extent of six days of incubation at this parti- 
cular temperature had taken place before the eggs were moistened. One 
may assume that the water required for this extent of development was 
available in the eggs. Similarly in experiment 4, eggs in moist sandy soil 
hatched after 13 days, while those in sandy soil, with hygroscopic moisture 
in equilibrium with 80 per cent relative humidity, remained unhatched and 
compieted their development ten days after the soil was moistened subse- 
quently. Thus during the 13 days that the eggs were in dry soil at 35^0. 
they had undergone development equal to three days’ incubation under 
optimum conditions of moisture. 

These experiments are of particular interest, because the soil and the eggs 
were kept in dishes the mouths of which had been sealed and, therefore, the 
humidity and soil-moisture were uniform throughout the experiment. 

In the case of loam soil even when it contained maximum hygroscopic 
moisture (dish e, experiment 5) the development of eggs was completely ar- 
rested. The control eggs hatched after 13 days (dishes a, b and c) but 
these eggs (dish e) were unhatched after an incubation period of 34 days, 
when on 21 August they were moistened. They hatched on 6 September, i.e. 
16* days after tJtie date of moistening. Equally interesting is the case of dish 
d (experiment 5). Eggs were kept m loam soil to which, in addition to its 
maximum hygroscopic moisture, 5 per cent water by weight had been added. 
Hatching took place on 3 and 4 August, i.e. the incubation period was 15 to 
16 days as against 13 days in loam soil to which in addition to the maximum 
hygroscopic moisture 10 per cent or more water (dishes a, b and c) had been 
provided from the very beginning. This prolongation of the incubation period 
by a few days shows' that in loam soil 5 per cent water plus maximum hygros- 
copic moisture is a little less than the amount of moisture required for nor- 
mal incubation. A comparison of the results of this experiment with those 
of experiments 1 to 4 shows that the quantity of water available for absorp- 
tion by the eggs from soils of different nature varies although the various 
soils may contain the same percentage of water. 

In clay-loam (experiment 6, dish d) and in clay (experiment 7, dish e) 
containing maximum hygroscopic moisture the eggs remained unhatched 
up to 67 days and 90 days respectively by the end of which they were found 
on examination to be healthy. On addition of water at the end of this 
period, however, they contracted fungus infection and none of the eggs 
could complete its development. In clay-loam (dishes b and c, experi- 
ment 6) to which, after the adsorption of maximum hygroscopic moisture, 
6*6 per cent water had been added, the eggs laid on 4 September remained, 
so to say, dormant till 14 November, the date on which water was added 
to the soil. They hatched on 24 November, i.e. 81 days after the date 

of oviposition. In our experiments this is the maximum length of time 
over which the incubation period of the eggs of the desert locust was 
extended without loss of viability by providing conditions of moisture-deh^ 
ciency in soil. Similarly in the case of clay (experiment 7) eggs placed m 
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dishes c and d (water 5v3 per cent' and 3*2 per cent plus maximum, hygros- 
copic moisture) remained unhatched up to 21 August, when moisture was 
added. They hatched on 6 September, i.e. 30 days after oviposition, the 
normal incubation period at the temperature at which this experiment was 
conducted being 12 days only. 

The behaviour of soils of different texture is very interesting. In sandy 
soil eggs were able to complete their development when the soil contained 
only maximum hygroscopic moisture and the atmosphere to which it was 
exposed was kept saturated ; in heavier types of soils a percentage of moisture 
greater than the hygroscopic maximum was necessary for the complete 
development of eggs. 

Under conditions of deficient soil-moisture, i.e. when the soil-moisture 



fell below a certain minimum percentage, varying with the texture of the soil, 
the embryonic development was completely arrested and recommenced only 
when the percentage of moisture was raised. The amount of moisture re- 
quired increased with the heaviness of the soil. 

These conclusions are obviously of very great importance. It has been 
established that in Schistocerca gregaria embryonic development is arrested 
by insuificiency of available moisture. Thus it is clear that, should dry condi- 
tions prevail in nature over a long period, it is not unlikely that eggs will 
remain dormant during the prolonged period of drought and hatch out only 
after precipitation. 

Discussion, —The condition of the soil in which eggs were placed may be 
described thus. Soil is essentially a mass of loose particles of solid matter 
with a film of water surrounding them. The interspaces are thus occupied 
by water and air. The size of the interspaces depends on the texture of the 
soil. An egg placed in a soil will have a portion of its surface in contact with 
the soil particles and, therefore, in contact with the water fi m ; and a portion 
will also be exposed to the atmosphere in the soil and perhaps a film of water 
may get deposited upon the surface of the egg. 

Moist soil exposed to a partially saturated atmosphere loses its moisture 
to a certain degree, varying with the texture of the soil, but this water is firmly 
held by the soil particles. It is weE known that the remaining moisture, which 
is in equilibrium with the air and is known as hygroscopic moisture, cannot be 
utilized by plants. Wilting begins before the water-content of the soil falls 
below the hygroscopic limit because soils wiU rather retain such water than 
give it up to the plant. Nor can such water move from particle to particle 
[Hall, 1918], The eggs of locusts placed in the soil can be likened to root 
hairs of plants. They would be drawing water from the film held round the 
soil particles. The force with which the film of water is held by the particles 
of soil depends upon the size and nature of the particles. 

In most of the experiments described above the soil was exposed to a 
saturated atmosphere during the entire period of incubation. Since the air in 
a soil kept in an atmosphere of cent per cent relative humidity would also be 
saturated, the case would be similar with eggs exposed to a fully saturated at- 
mosphere. If so, why did some of the eggs exposed to a saturated atmosphere 
in some of these experiments complete their development, while others did not ? 

It seems to us that for normal development an egg must not only be ex- 
posed to a fully saturated atmosphere to prevent the loss of its own moisture, 
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but must also come in direct contact with water which it has to absorb. The 
fact that during the course of development eggs increase in weight supports 
this contention. In a saturated atmosphere even a small fall of temperature 
would result in a condensation of water in the soil. Such moisture being above 
the maximum hygroscopic limit may be easily available to eggs in sandy soils 
where on account of the comparatively bigger size of the sand particles it is 
rather loosely held, but in the case of heavy soils may be too firmly held to be 
easily absorbed by the eggs. The development of eggs would be affected 
accordingly. It seems very likely that, in cases where eggs hatched in a satu- 
rated atmosphere and in light soils having only the maximum hygroscoj)ic 
moisture, it was this accidental precipitated water of condensation that 
provided the necessary moisture for embryonic development. 


VI. Influence of saturated air on intermediate moult 


It has been stated [Uvarov, 1928] that freshly emerging larvae cannot 
shed their intermediate moult in an atmosphere saturated with water vapour. 
It is argued that in moist air the chitin becomes too elastic and is difficult to 
burst. 

Experiments were started to verify this statement. Fully incubated 
eggs v/ere obtained from a field where they had been laid by a swarm, and 
transferred to a desiccator with cent per cent relative humidity on 15 August 
1931. All the eggs hatched out on 16 and 17 August and the larvae shed 
their mtermediate moults normally. A number of similar other experiments 
were performed with the same results. The question is of great practical 
significance because it may mean that after showers of rain, when the soil is 
giving out moisture and the air near the soil surface is fuUy saturated, the 
intermediate moult would not take place in nature. This, however, is 
contra-indicated by numerous actual observations. 


VII. Influence of atmospheric humidity on hopper development 


Three experiments wore performed to determine the influence of relative 
humidity on the duration of the hopper stages of the desert locust. Ex- 
periment 1 was conducted at room temperature (average maximum 30-9°C., 
average minimum 27- TC.) and at 45, 60, 80 and 100 per cent relative humi- 
dities, wliich were maintained by means of super-saturated solutions of salts. 
The hoppers were reared singly in Petri-dishes in the manner described by 
Zwolfer [1932]. For food they were provided with cabbage leaves which 
were renewed four times each day, when regular observation were recorded 
as to the stage of the hoppers. The frequent changing of the leaves however, 
caused some fluctuation in the percentage of humidity. 

Experiment 2 was conducted on the same lines as experiment 1 except 
that the hoppers were reared crowded and at a constant temperature of 36^0. 
Only two humidities (85 per cent and 35 per cent) were tried. 

In experiment 3, in order to avoid fluctuations of humidity, no leaves 
were placed with the hoppers. Four times each day, i.e. at 7, 12, 17 and 
21 hours, the hoppers were transferred from their air-conditioned chamb^’s 
to cages provided with fresh cabbage leaves and kept in, a thermostat 
maintained at the corresponding temperature. An interval of an hour was 
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allowed for feeding, after which the hoppers were replaced in their respective 
chambers. During the feeduig period the hoppers remained at an unknown 
but presumably higher humidity. The hoppers in this experinient were reared 
singly at a temperature of 36°0. 

In experiment 1 (Table V) the average duration of the last two hopper 
■ stages at 45, 60 and 80 per cent relative humidities is the same, i.e. about 

19 days. The one hopper that reached the adult stage at cent per cent 
relative humidity had a longer duration for the two stages, namely about 
26 days. This insect was sickly throughout and for this reason it is not 
; desirable to draw any inference. Saturated atmosphere, as has been shown 

earlier, causes disease among the adult locusts and it is probably equally un- 
suitable for the hopper stages of the desert locust. 

The duration in experiment 2 also is the same for low (35 per cent) and 
high (85 per cent) relative humidities, i.e. on the average the hopper stage 
lasted 22 days in both the humidities. 

In experiment 3 (Table V) a little lower relative humidity (23 per cent) 
was tried. It will be seen that the duration of the hopper stage in low humi- 
dity (23 per cent), which is lower than the one tried in experiments 1 and 2, 
is a little longer than in high humidity (80 per cent). Also, that the total 
' average duration in both the humidities is longer than the normal duration 

; at the temperature at which this experiment was conducted. This point will 

i be referred to again. 



Table V 

Rale of growth of hoppers at different relative humidities 


Expt. Temp. 

Relative 

Duration of different stages (day? 

) : ■ I 

Xo, of I 


Xo. (°C.) 

humidity 

I 1 

II 

in(a)j 

mm 

IV 1 

^ V ' 

Total 

hoppers | 

Remarks ' 

1 Average max. 

100 

... ... 

... ■ i 

■ 

9-5 

17-3 

26-8 1 

1 

The hoppers 

30*9 









were reared 


80 

... ... 

.... ,j 

*•* 

8*0 

11-4 ■ 

19-4 1 

■1 

, . 7 ' 

singly 

Average min. 

60 

... 



7-9 

11*8 

■ 13-7 ! 

". 7 ■ 


27-1 











45 

... 



■ 7-8 

11-2 

19-2 

7 


2 3C 

85 

3| 

4 , 

3 


4 

8, : 

..22 

26 

The . hoppers ' 



■ 







were reared 


35 

3 

4 i 

3 


4 

8 

, 22 ■ 

. , ■ 12 

crowded 

3 36 

80 

■... ■ I ■ ... 

6 

7 

5 

10 

.. ■ 28. 

: 1 .. 

Female , . 



. ... 1 ... 

'.■5 

6 

6 

10 

27 

1 

Male 



1 *** 

6 

7 

6 

10 

..■'29 

1 

Male 




■■ ■ 


6 

■ 7 ■ 

10 

29 


Hoppers were 










. ■ ! 

reared singly 

86 

23 

... 

■■ ■ ■■ ■■ 


6 


. 7 ' ' 

i 10 

29 

1 

Female 





9 

6 

6 ■ ] 

10 

31 

■ 'I' . 

Male 






14 

7 

9 

30 

■■■' 1 

Female 



... 


6 

... 

7 

9 

22 

1 

Male 





... 

13 

7 

9 

29 

1 

Male 






13 

9 

9 

31 

1 

Female 





7 


5 

12 

24 

1 

Female 



... 


... 

13 

7 

10 

30 

1 

Male 



... 

... 

6 

. ■■ ■ . 7 

7 

11 

31 

1 

Male 
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Key [1936] lias studied the effect of humidities on the length of hopper 
stages in Locusta migratoria migratorioides. He selected 99-100 per cent 
relative humidity on the one side and 6-10 per cent on the other and concluded 
that with the decrease of relative humidity the durations of the stages increase. 
For ready reference, his figures are given below. 

Length of stages in Locusta migratoria migratorioides (days) 


Iiistar 

High humidity {99-100 per cent) 

Low humidity 
percent 

I 

6-8'', ■ 

12 

II 

. ■■6*4'' ■ ■ 

12-0 

III 

5-9 

8-6 

IV 

7-4 

9-7 

V 

11-6 

14-5 


Attention may be drawn to the fact that these hoppers were supplied with 
‘ small quantities of food once a day ’. 

On the other hand, Hamilton [1936] finds that L. migratoria has an opti- 
mum at about 60 per cent relative humidity at 90°-100°F. and that the dura- 
tion increases as the relative humidity rises above or falls below this optimum. 
In the case of Bchistocerca gregaria he finds that the optimum relative humi- 
dity at 90°F. is about 60 per cent and at 100“F. about 70 per cent. As in L. 
migratoria, so also in 8. gregaria he finds that the duration of the hopper stages 
increases as the relative humidity diverges from this optimum. In his en- 
deavour to avoid disturbing the humidity, Hamilton supplied food (grass or 
young wheat) only once a day to each cage. 

In our experiments 1 and 2, where constant supply of green food was 
maintained, the duration of the hopper stages is about the same as is normal 
at the temperatures at which these experiments were conducted. While in 
experiment 3 where the insects had no food for 20 hours each day the_ dura- 
tion of hopper stages at both the humidities is much longer than what it nor- 
mally is at 36°C., the temperature at which this experiment was conducted. 
We thus conclude that this increase in the duration of the hopper stage is the 
result of under-feeding. In this experiment the increase is more pronounced 
in the case of hoppers at lower humidity. Possibly the greater loss of water 
from the body at the lower humidity is not made good during the four hours 
of feeding Similarly, there must have been under-feeding in the case of 
hoppers in experiments of Key and Hamilton. The food must have dried 
up quicker at low relative humidity, resulting in greater under-feeding and 
prolongation of the hopper stages with decrease of amount of moisture in the 

T1i 6S6 exp6rini6iits provo beyond doubt th.at th.6 larval and imaginal 
development of ScMstocerca grtgafioj is not appreciably affected by variations 
in relative humidity, provided the insect is able to get plenty of fresh food. 
Low humidity, prolongs the duration of hojpper stage only indirectly, namely 
by making the food less congenial to the insect. 

SXJMMABY 

The se-ual development of the adults is not inhibited by dry atmosphere 
if fresh food is available. are laid in soil sufficiently moist. Moisture 

has a marked influence on the incubation of SchistoccTca gregurici eggs. Eggs 
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are not able to complete their development in a partially saturated atmos- 
'V':' phere. Even with suitable temperatures the development may be arrested 

/ if the soil-moisture is deficient. In this way eggs' were experimentally kept 

I i dormant for a period of 81 days under conditions of temperature at which 

I ; ; : normal incubation is only about three weeks. They recommenced develop- 

ij 3,;;’ ^ after moistening. These observations show the possibility of eggs 

I I' ’ remaining dormant for a long time in nature and hatching after rain. 

I The influence of low atmospheric humidity on hopper development is 

I ; insignificant, provided a supply of fresh food, which is the normal source of 

I ' intake of water, is available. A completely saturated atmosphere is, how- 

ever, decidedly detrimental ; it slackens larval development, shortens the adult 
; life and increases mortality. 
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I. Inteoduotoey 

B ATOGEBA RUFOMACULATA De Geer is a very serious pest of fig 
trees, so much so that in certain localities fig growing is impossible, 
becuase of the ravages of this insect. For instance, in the Experimental Fruit 
Orchard at Lyallpur, 53 fig trees were planted in 1925 and by 1932 only 
three had survived the attacks of this borer. 

Stebbing [1917] made some preliminary observations on this pest, but 
did not study its complete life-history. Beeson [1919] studied the food plants , 
of this insect. Gardner [1927] described the mature larva and pupa- 
The observations made by us during the last few years are presented in this 
paper. 

We acknowledge with thanks the information supplied by the Forest 
Entomologist, Dehra Dun, from his unpublished records, and we are further 
grateful to him for his permission to make use of it. 

II. Synoxomy [From Aurivillius, Col, Cat, 7S : 127] 

Batocera riifomaculata, De Geer, Mem. Ins., V, 1775, p. 107. 

— Retzius, De Geer. Gen. Spec., 1783, p. 138 . India, Ceylon 

— cruentata, Gmol. in h. Syst. Nat. ed. 13, I, 4, 1790, 

p. 1863 . . . • . . . . Madagascar 

rubiginosa, Voet, GaL Col., II, 1778, p. 34, t. 13, 

f. 53 . . . . . . . . Mauritius, Bourbon. 

German Bast 
Africa 

rw6m, Maxwell -Lefroy, Ind. 1^5. 1909, p. 375, 

f. 245, 247. — pierce, Dangerous Ins., 1917, p. 103, f. 

21 . 

rnbus, ^chxl'^tQV, Abhandl., I, 1776, p. 333, t. 2, f. 2. 

rubus, Stebbing, A Note on the Duki Fig Borer, Bull. 

10, 1907 

rubus, v&v. andamana, Thovas., Revue Zool. {%) Yl, 

1878, p. 54. — Kriesehe, jBevis, p. 147 . . . Andaman 

rubus, dh. chlorinda, Thoms., Archives Ent. I, 

p. 17i ; Monogr., p. 80. — Rits. Notes Leyden Mm. 

IX, 1887, p. 220. . . . . . East Indies 
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B(M,oceranibua,v&T.diana,'Eori!v. Deutsche Ent. Zeitschr. 

1891, p. 276.~~Kriesohe, jBew, p. 147 . . Tibet 

ab. polli Qdh., Ann. Mag. Nat.' Mist. 

1890, p, 55, t. 7, f. 2 . . . . . . Ceylon 

— ab. Thoms. Eevue ZooL (Z)YI, ISIS, 

'■p. 52 ■■ • ■ ■ . ■ ■ Cochin China ■ ' 



■^III.Distbibution. 

World distribution 

B. mfomaculata is widely distributed in India, Ceylon, Malaya and 
East Africa. According to Duport [1914] it is present in the Far East and 
infests Hevm sp. Hutson [1920] has recorded it as a serious pest of Artomrpus. 
integrifoUa (jak tree) in Ceylon. It also occurs in Mauritius, Madagascar and 
Reunion. It got introduced into Torlota in 1914 and attacked and killed 
nearly all the native fig trees [Report of the Department of Agriculture, British 
Virgin Islands, 1920], 

Distribution in India 



According to Lefroy [1909] B. rufomaculata is found throughout the Indian 
plains. This has been confirmed by subsequent workers. Stebbing [1914] 
records it from Duki, Loralai (Baluchistan) (Col. C. A. Kemball) and Fort 
Sandeman (Major Roome et mihi). Fletcher [1914] found it throughout 
Southern India. Beeson [1919] has recorded it from Gorakhpur division of 
the United Provinces and Ramakrishna Ayyar [1923] from the Madras 
Presidency. 

Distribution in the Punjab 

It is probably distributed all over the province, but has, so far, been 
definitely recorded as a serious pest from Lyalipur, Sargodha, Hoshiarpur and 
the Kulu valley (on wild fig trees). 



B. rufomaculata has a wide range of host plants belonging to 11 na 
tural orders. A list of the host plants is given below : — 

Food plants of ‘Bsbtocem vvAomajQviQbta De Oeer 


Food plant 


Natural order 


Country 


Reference 


Shorea robusta 


Dipterocarpacese 


India 


Unpublished records 
of the Forest Ento- 
mologist, Debra 
Dun 
Beeson 


Bombnx 7mlabaricum 


Malvaceje 


Eriodendron anfractuosmn 


Mauritius 


Bull. Imp. 1st., XXIV 
No. I, 1926 






947 



BIONOMICS AND CONTROL OF THE FIG*TreE BORFR 


Food plant 

Natural order 

Country | 

Reference 

StercuUa colorata 

Sterculiacese . 

India 


/S', villosa 


99 • • 

Unpublished records 
of the Forest En- 

Gm'uga pinnata 

BurseracoaiJ 

99 • 

tomologist, Dehra 
Dim 

Bnchanmiia latifolia . 

Anacardicege 

99 * • 


Lannea grandis 

99 • 

99 . • 


Mangifera indica 

99 • 

Mauritius Vir- 
gin Islands 

Wilson, Emmerz and 
Gebert 

Odina wodier . 

99 • 

India 

99 99 99 

Semecarpus anacardium 

99 

99 • • 

1 Unpublished records 

1 of the Forest En- 
y tomologist, Dehra 

Spo7idias vuigifera 

99 • 

99 « • 

J Dun 

Moringa pterygosperrm 

Moringacete 

9 > •- • ■ 

Beeson 

Albizzia lebbeJc 

Loguminosas 

99 . . 

99 

Erythrina mdica 

’ 

99 • • 

Beeson & Fletcher 

Barringtonia acutangula 

i Myrtaceae 

99 • » 

1 Unpublished records 
1 of the Forest En- 
r tomologist, Dehra 

Adina cordifoUa 

Rubiacege 

99 * • 

J Dun 

Hevea hraziliensis 

Euphorbiaceas . 

99 • . ^ 

Beeson ; Ayyar 

Hevea sp. 

■99 • 

Far East 

Duport 

Artocarpvs integrifolia 

Urticaceie 

Ceylon . 

Hutson 

An incisa 

>.» • 

Ceylon . 

Hutson 

Bromsonetia pa2jyrlfe7Xi 

99 

India 

Unpublished recoi'ds 
of the Forest Ento- 
mologist, Dehra 

Dun 

Ficus aspe^'fhrm 

1 ■ ' 99 ■ * 

1 ■ ■ 

■ 99 " 

99 

Fn bengalensis . 

t 99 

99 • 

99 

Fn carica 

99 . 

1 ■ 

Beeson 

Fn elastica 

99 

, 99 • - • 

Wilson 

Fn glomerata . . , ‘ ! 

: . ' J? ■ ■ 

99 * * 

■ 

Beeson 




In the Punjab it is the most destructive pest of fig trees and also attacks 
mango trees. Besides, it has been observed attacking apple trees (grown ex- 
perimentally) at Lyallpur. 

V. DeSCBIPTIOK OE the VARIGtJS STAGES 

Stebbing [1907 ; 1914 ] has given a brief description of the full-grown 
grub and beetle. Gardner [1927] has given a fuller description of the full- 
grown grub and pnpa. 

Egg (Plate XLIVi fig^- 1-2).— Oval, 5*5-6- 8 mm. long and 1 *8-2* 3 mm. in 
diameter, chorion thick and leathery, surface very faintly marked with hexago- 
nal impressions, colour dirty-white, micropylar end thicker with a circular 
depression bounded by a thick hp and surrounded by a brownish area. 

Freshly -hatched grub {PUte X LI Vy fig^ 3-7).— Creamy -white in colour with 
head dark brown ; slender, thickest in the thoracic region, gradually tapering 
towards the anal end, 8 * 4 mm. long and 2 • 7 mm. broad at the thorax ; head 1 • 8 
mm. long, 1*9 mm. broad ; mandibles strong and dark in colour; labrum, 
labium and maxillse covered with sharp bristles. Antennae very minute, 
segmented, tipped with sensory papillse. Pronotum with numerous strongly 
chitinised flattened denticles. Behind each spiracle there is a thick spine, 
directed backwards. Spiracles very characteristic, each possessing bilobed 
protuberance (in the later instars this structure disappears). Body covered all 
over with numerous minute spines. • 

Full-grown grub (Plate X LI V, figs. 8-11 ). — ^About 3 in. long, 0* 8 in. wide at 
the thorax ; body creamy-white, tapering towards the 8th segment and cylin- 
drical further on ; head dark brown with short antennm ; prothorax burnt- 
umber ; thoracic legs rudimentary, extremely small, encircled with sharp 
minute bristles. Minute tubercles and denticles arranged on all the thoracic 
and abdominal segments. Spiracles nine on each side ; just like oval pits of 
burnt -umber colour. 


Food plant 

Natural order 

Country 

..References 

F. inj^ectoria . . . 

.1 

UrticaceiB 

India 

IJnp u bl islied records 



of the Forest Ento- 
mologist, Behra 

Dim 



F. pedunculata . * 


,, * 

■Wilson ■ 

F. religiosa . . . 

,» 

9> 

1 U npublished records 

1 of the Forest En- 

F. tjakela 


99 * 

y tomologist, Dehra 



1 Bun 

Moms mdica . . 


99 • 

J '■ ■ 

Almost any plant having a 


Virgin Islands 

(.Notes^"" I.nseGt pests 

thick bark or possessing 



Agric. Dept. Virgi.n 

laticiferous vessles. 



Islands, Barbados, 
1918-19) 



PLATE XLIV 


BATOOBRA RUFOMACULATA BE GEEK 


Fig. 4. Labrum of Eia. 5. Mandible of 
fresbly-hatched grub fresbly-batcbed grub 


Fig. 3. Antenna of 
fresbly-hatched 
grub 


Fig. 1. Fig. 2. Micropylar 
Egg end of the egg 

(highly magnified) 


Fig. 6. Maxillae and labium of 
freshly-hatched grub 


Fig. 7. Spiracle of freshly 
hatched grub, with spine 
and bilobed process 


Fig. 8. Grubs of different stages- 
2nd instar to full-grown 
(For size see description) 


wM-m 


Fig. 10. Region of the Fig. 11. Denticles and minute 
meso-leg of a full-grown tubercles on ventral surface 
grub showing a rudi- of the 9th segment of 

mentary leg full-grown grub 


Fig. 9. Spiracle of a 
full-grown grub 


Fig. 13. Adult beetle (For size see description) 
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The seasonal history may be summarised as follows 


May to August 

August to October 
November 
December to Aprii 


Beetles emerge,' eggs and grubs are met. with, as well 
.. as pupje of the last year are met with, . 

Oviposition continues, grubs are met with. 

Grubs of various sttiges and pupse are' met with. 
Grubs in thC' resting stage and pupse .are mot with. In 
March, however, mostly the pupal stage is present. 
Barely, full formed beetles are found in the resting 
stage within the pupal chambers (observed in the 
Kuiu Valley). 



■ TIL Life-histoby ■ 

Oviposition 

The eggs are laid singly. The female beetle cuts, by the repeated action 
ofits strong vertical, sickle-shaped mandibles, a slightly curved transverse slit 
in the bark of the fig tree. Through the slit thus made the eggs are pushed 
down under the bark (usually they are completely pushed under the bark). 
Generally the eggs are deposited in the stem, most frequently near the base, 
but occasionally they may be laid in the branches. Stebbing [1907] observed 
the incisions made in the bark by the beetles but was not able to locate the 
eggs. He stated, ‘ The eggs have not yet been observed, but they are probably 
laid either singly or in little clusters on the outside of the bark of the tree or 

incisions made by the beetle in the outer bark ’In Leaflet No. 10 

[1918] of the Department of Agriculture Reduit (Mauritius), it is stated ^ The 
eggs are deposited singly in the cracks in the bark, in which the young larvee 
remain for the greater part of their life.’ According to our observations the 
eggs are not laid in natural cracks of the bark, but are always laid pushed well 
under the bark, through the incisions definitely made by the beetle for the 
purpose. 

It has been observed that after an egg has been laid, the female rubs the 
anal end over the slit from side to side, excreting at the same time a colourless 
liquid with which the mouth of the slit is covered over. 

The method of oviposition would indicate that eggs can only be laid in 
living plants. However, according to the observations of the Forest Entomo- 
logist, oviposition occurs on dead as well as living trees that are not in good 
health and on roots of trees exposed by erosion, etc. (unpublished records of the 
Forest Entomologist). This requires confirmation. So far as our observa- 
tions go the eggs are never laid on dead trees. 

The eggs may be laid at any time during day or night. 

Number of eggs laid by a fermle 

Five pairs of freshly emerged beetles were liberated on caged fig trees on 
22 August 1933, and transferred from one tree to another, and the record of 
eggs laid by them is given in Tables I and II, From 23 August 1933 to 26 Sep- 
tember 1933 these five pairs were kept together and, therefore, their egg- 
laying record is collective. From 26 September 1933 onward each pair was 
kept separate and transferred from one cage to another every day and suppli- 
ed with a fresh fig branch. The largest number of eggs laid by one female in 
24 hours was seven. These five beetles laid 513 eggs in all. The Forest 
Entomlogist, Debra Dun records up to 200 eggs laid by a female (Unpublish- 
ed records). 





! 
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Table I 

Record of egg-laying of five females of Batocera rufomaculata De Geer during 

1983 


Table II 

Record of egg-laying of the same five females after separating them in different 
cages from 26 September 1933 onvxird 


Number of eggs laid by different females 


Date of egg-laying 


' Date of oviposition 

Number 

of 

eggs laid 
by 6 

females 

Total 

Date of oviposition 

Number 

of 

eggs laid Total 
by 5 
females 

1st tree — 









11 Sept. . 

. 

6 

24 Aug. 

4 

4 







13 „ . 


5 

2nd tree— 









15 „ . 

, , 

4 

26 Aug. . 

7 








17 „ . 

. » 

6 25 

27 „ . . . 

6 








5th tree — 



28 ,, . . . 

8 

21 







19 Sept. . 


10 

3rd tree— 









20 „ . 


25 

3 Sept. , 

4 








21 „ . 


35 

5 „ 

6 








22 „ . 


15 

7 „ 

8 

18 







23 „ . 


20 

4th ti'oe — 









24 „ . 


25 130 

10 Sept. . 

4 





. . . i 





Total 198 


No. 2 

No. 3 

No. 4 

No. 5 

1 

3 

. . 

, , 

2 

4 

7 

. 7 

1 

2 

2 

.. 
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Table H—cxmtd. 


Number of eggs laid by different females 


Date of egg-laying 
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Table II — coneld. 


Hatching 

Tile grub hatches out from the end of the egg which is towards the open- 
ing of the slit, i.e. the micropylar end, but it tunnels into the bark without 
exposing itself. In case the egg projects beyond the slit, the grub on hatching 

is unable to bore into the bark and perishes. 

Ccmditims necessary for hatching 

It has been observed that moisture is essential for hatching, and embedded 
in the tissue of the plant, the egg gets the moisture required by it. Some of 
the eggs were taken out and kept in glass tubes without moisture, and some 
in a tube with a moist piece of cloth. The eggs in the dry tubes shrivelled up, 
while those under moist conditions hatched out. 

Incubation period 

The durat’^on of the egg stage varies from 7 to 14 days, most of the eggs 
hatching within seven to ten days (Table III). 

Feeding Mbits of the grub 

The grub feeds on the inner portion of the bark^and xylem. Its path is 
zigzag. Evidently the grab cuts more fibres than it can actually eat, and 
these fibres are thrown out. It has been stated by Stebbing [1914] that the 



Number of eggs laid by di:ffereiit females 

Date of egg-laying 

No, 1 ' 

No. 2 

No, 3 

No. 4 

No. 5 

26 Get. . . 

1 

1 

5 

1 

5 

26 „ . . . 


1 

2 

1 

2 

27 „ . > . 



2 

•• 


28 „ . . . . 

Died 




. . ; 

29 „ . . . 



2 


1 

30 „ 


•• 

3 

.. 

.. 

31 „ . . . 


•• 

3 


" •• 

1 Nov. .... 



3 


• V 

2 ,, « . . . 


Died 

Died 

Died 

1 

3 





Died 

Total 

47 

as 

97 

73 

65 
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tunnel is blocked behind by the excreta of the larvae, the portion occupied by 
the latter being full of sap'. It has been definitely ascertained that the tunnel 
is filled up not by mere excreta, but by excreta mixed up with a large amount 
of fibrous matter, which has not passed through the alimentary canal of the 
grub. By shaking material from the tunnel of a grub in a small amount of 
water, the fibre and small rounded grains of excreta can be easily distinguished. 
The excreta Just coming out from the anal end of the grub was also examined 
and compared with the fibrous matter in the tunnel and was found to be dif- 
ferent. 

The grubs feed upon the inner portion of the bark for a considerable period, 
making a zigzag tunnel, and filling it behind with frass. They enter into the 
wood when they are sufficiently grown up. It has also been observed that if 
an egg is deposited on a small branch, then the grub enters into the wood very 
soon and its path is not zigzag. It enters into the wood of the branch and 
makes a straight tunnel into the heart of the wood. 

Duration of the grub stage 

The duration of the grub stage varies from about three to over six 
months (Table III). Fletcher [1914] states ' the larval stage probably lasts 
over a long time — possibly several years Evidently this is not correct, or at 
any rate is not usual. 

Besting 

The grubs become full-grown by about the end of September to the middle 
of November and prepare elliptical chambers for resting and pupation, stop 
feeding and remain in the resting stage throughout the winter. In rare cases, 
however, they may pupate in November and the beetles are formed. These 
beetles continue in the resting stage throughout the winter and right up to the 
end of April. 

Pupation 

The pupation takes place in an elliptical chamber within the stem, usually 
at a distance of about two inches from the surface, therefore the adult beetle 
has to cut its way out. The pupa lies naked inside the chamber. 

Duration of the resting and pupal stage 

The duration of the resting and pupal stages varies from about four to 
seven months (Table III). This includes the resting larval stage and the 
immature beetle stage. Stebbing [1914] considered the pupal stage as 3 to 3| 
months in duration. According to the observations made by the Forest 
Entomologist, Dehra Dun, the pupal period lasts for three to four weeks and 
is followed by an immature beetle stage of variable duration (unpublished 
records). 

Emergence of the beetle 

The beetle emerges by cutting out its own passage starting from the 
pupal chamber and terminating in a circular exit hole of about ()• 7 to 0 - 8 in. 
diameter. The tunnel is always of variable length, 


ill 


Duration of various stages of Batocera rufomaculata De Geer 
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Number of broods 

It is evident from the above that there is only a single brood in a year. 

VIII. Damage 

Damage done by the beetle 

The beetle feeds upon the bark of young twigs, petioles of leaves and even 
the fruit of fig trees. The buds of the attacked twigs wither, the shoots re- 
main stunted, and the leaves of which the petioles are damaged fall off. How- 
ever, the damage done by the beetle is not of any great consequence. It is 
the grub stage which is the most harmful. 

Damage done by the grubs to the tree 

The grubs do not kill the tree outright and this led Stebbing [1914] to 
remark, ^ Up to the present it has not been definitely proved that this pest 
kills the trees Even a severely attacked tree may continue to live for a 
considerable time, even years, but finally it dries up. The tree only succumbs 
to the attack when the inner portion of the bark has been totally destroyed 
from all round the stem. If a branch is attacked, that branch alone would 



dry up. In cases of severe attack, the bark cracks, and the inner wood is 
damaged by numerous galleries. It should, however, be noted that if a grub 
mainly tunnels the wood and the bark remains intact, the tree is not killed. 

In our Field Laboratory six beetles were liberated on a fig tree on 2 June 
1932. They laid several eggs, the grubs continued to feed upon the stem and 
ultimately the tree completely dried up. Besides, as stated previously there 
were 53 fig trees in the &perimental Fruit Garden at Ly allpur. Out of these 
only three survived an onslaught of this pest. Further, it is a matter of 
common observation that fig trees do not live very long because of this pest. 
The report of the Department of Agriculture, British Virgin Islands [1920] also 
shows that the pest has destroyed nearly all the native fig trees in that island. 

IX. Symptoms OF attack 

Early symptoms 

Only a trained eye can discover the early symptoms of attack. 

As stated above, the female beetle makes very characteristic transverse 
slits on the main stem, more frequently near the base and sometimes on the 
thick limbs of the fig plant. They are moist on account of the sap oozing out 
of the fresh cuts. On opening up these slits one can discover the eggs. 

After a few days a dark brown streak, consisting of the fibrous matter 
mixed up with the excreta of the freshly hatched grub, is seen coming out of 
the hole of entrance of grub. As the attack progresses, the quantities of 
excreta and fibrous matter passed out increase and sap also oozes out of the 
hole. 

^ When the beetles are about, a very careful examination of the bark, the 
petiole of the leaves, and the fruit may reveal marks of feeding. A more 
careful search among the branches may reveal the beetle itself. The beetle 
when caught makes a shrill piercing noise, which it produces by rubbing the 
scraper on the hind edge of its pronotum over the file on the mesonotum. 
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Later symptoms 

When the attack has progressed further one can see, even from a distance, 
a mass of woody frass below an attacked portion of the stem or a branch. 
The bark over the attacked portion cracks and most of woody fibre filling the 
burrow thus becomes visible. In case of an old or severe attack one can 
numerous circular holes on the trunk or the branch, indicating that the beetles 
have emerged out of these. 


X. Preventive and peoteottve measures 


Three different methods were tried in May 1932, just before the egg- 
laying period to protect the plants. 

{a) Wire gauze (1/16 in. mesh) was wrapped round the stem of 22 fig trees. 
No attack appeared on the protected parts but the beetles attacked the un- 
protected portions. 

(6) Lime was applied to the stem of eight trees, but this proved of no avail, 

(c) Coal tar was similarly applied to eight trees, but this could protect 
the treated portion only. Coal tar painted papers were wrapped on the stem 
of a plant under a cage and beetles liberated in this. It was found that no 
eggs were laid. 

Trial of spraying the stem and main branches with repellent mixtures. 

In an orchard at Nurpur near Pathankot, there has been a constant 
trouble of the fig borer for the last several years on mango and fig trees. Sev 
ral trees have been killed from year to year, and the trouble was noticed to be 
very serious early in 1939. The attacked trees were treated by plugging the 
tunnels with cotton -wool soaked in kerosene oil and plastering with mud ; all 
the grubs were killed by this method. For the prevention of any further 
attack five sprayings were given with repellent mixtures so as to provide a 
poisonous coating on the bark. The treatment resulted in a complete protec- 
tion to the trees. The total number of trees thus treated was 110 mango and 
10 fig trees. Sprayings were started just before the oviposition period and 
continued throughout the summer at varying intervals. 

As a result of the sprayings, no oviposition was noticed on any tree except 
in the case of one fig tree on an unsprayed area of a branch, which rather proved 
the efficacy of the treatment. 

It is evident, therefore, that by using wire gauze (1/16 in. mesh) or coal- 
tar -painted paper and spraying on the stem and thick branches with repel- 
lent mixtures the stem of a fig tree can be protected against oviposition. 

Where the attack by the pest is bad, all trees which are heavily infested 
and are drying up should be cut and burnt. Dead branches of trees should 
also be cut and similarly destroyed. 

Any beetles seen in garden should be captured and killed. Beetles can 
be collected during daytime feeding upon the top -shoots. 

Trees should be examined frequently from May to October, and any 
fresh attack on a branch or a stem attended to. 

If some fibrous substance is coming out of a slit, then a larva is very 
likely to be present. In early stages it lies very close to the opening of the 
slit and can be taken out by opening the sUt vdth a sharp knife. 



XI. COKTEOIi 


, i' Injecting kerosene oiL— Most successM results were obtained by inject- 

ing kerosene oil by means of a syringe into the holes in the stem of trees 
having linear tunnels made by the grubs. 

1 In an experiment eight trees were thus treated with kerosene oil The 

tunnels made by the grubs were cleaned out by means of a wire and the oil was 
syringed soas to reach the wood. One and a half bottles of kerosene oil 
costing three annas and nine pies were used for eight trees, the cost per tree 
coming to six pies. The holes were closed with mud after this treatment. In 
cases where the tunnel is zigzag it was cleaned as far as possible and 
; ! plugged with cotton- wool soaked in kerosene oil and finally plastered with 

i ’ } mud. Fletcher [ 1914] recommends a mixture of two parts of chloroform 

I : ’ and one part of creosote to be injected into the holes. The liquid may either 

I I 1; be injected by means of a syringe or an ordinary bicycle oiling can. Another 

I ’ i method is to soak cotton-wool in kerosene oil or chloroform and creosote mix- 

I ture and plug the hole with it. 

I i Potassium cyanide, — At Jahankhelan in the Hoshiarpur district, in an 

I ; orchard of 33 fig trees, 11 were found attacked by Batocera grubs. Three 

I trees were treated by introducing into each hole in the region of 'wood a small 

i ; crystal of potassium cyanide weighing about 2 grains. The holes were closed 

i ) I with mud. The grubs were killed and no injury was done to the trees, 

j i [ This method, however, requires very careful manipulation. 

I XII. SXJMMABY 

I } r The various stages of Batocera rufomaculata de Geer are described. 

I f The female cuts by means of its mandibles a transverse slit in the bark 

j ; : and pushes the egg through this slit. The grub hatches out in 7 to 14 days 

I I i and tunnels into the bark, following a zigzag path. The tunnel is filled 




up with chewed fibre and fsecal matter. The active grub stage lasts for 
about six months and when full grown, the grub prepares an elliptical pupal 
chamber and enters on resting stage prior to pupation, when it stops feed- 
ing. Pupation takes place inside the chamber and the beetle emerges in 
about four months by cutting out its own passage. There is only one 
brood in the year. The beetles appear every year from May to the end of 
August and continue living up to November. 

The attack by the beetles can be prevented by protecting the stem with 
coal-tar-painted paper or wire gauze (1/16 in. mesh) or spraying on the stem and 
thicker part of branches with a strong repellent mixture. By killing young 
larvse, or by injecting kerosene oil or chloroform-creosote mixture into the 
holes from which frass is coming out or by cleaning the tunnel and plugging 
it with cotton-wool soaked in kerosene oil and finally plastering the hole with 
mud, the pest can also be controlled. 
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(With three text-figures) 

T he Bombay province and the Central Provinces and Berar are im- 
portant cotton-growing tracts covering about 60 per cent of the total 
area under cotton in India. In these two provinces the crop is grown exten- 
sively in the East and West Khandesh districts of the Bombay province 
and the districts of Berar. Over this tract the climate and soil characteristics 
are more or less the same and so the season, the crop and the methods of cul- 
tivation are more or less similar. Cotton is generally sown by the second week 
of June, usually after the first fall of 2 in. of rain. Its period of quickest 
growth is during August-September. The crop becomes ready for first 
picking during October. About four pickings are obtained during the growth 
period of the crop. The Khandesh crop is early by about a fortnight. 

Akola is a representative centre of the Berar tract and has a Government 
experimental farm for the study of the cotton crop. The farm was opened 
in June 1906 and regular work began in 1907. The soil of the farm is a deep 
black loam typical of the Berar tract. A series of cotton yield-data extending 
over a period of 28 years commencing from the season 1907-08 was kindly 
supplied by the Director of Agriculure, Central Provinces and Berar. 

Jalgaon is situated in the East Khandesh district of the Bombay pro- 
vince and has a Government experimental farm for the study of the cotton 
crop, which was started in 1913-14. The soil of the farm is deep black. A 
series of 23 years^ data on cotton-yield from 1913-14 was kindly made avail- 
able by the Director of Agriculture, Bombay province. 

^ The above two series of yield-data form the basis of this paper in investi- 
gating the influence of the quantity and distribution of rainfall on the cotton 
yi^ld- The yield-data of cotton supplied relate to the average yield per acre 
ovef^the farm as a whole and not to any one particular plot. The results of 
investigation on the Akola series alone have been already discussed by 
Kalamkar and Satakopan [1936], 

This investigation was undertaken in the Agricultural Meteorology Section, Mete- 
orological Office, Poona, when the section was financed by the Imperial Council of 
Agricultural Research. 



RAINFALL DISTRIBUTION AND COTTON YIELDS 


The yields of seed cotton in lb. per acre at the two fa.TTns are given in 
Table I. The average yield of seed cotton at the Akola Farm was 443 lb. 
per acre, with a standard deviation of 213 lb., and at Jalgaon it was 485 lb. 
per acre with a standard deviation of 165 lb. The yields were highly variable, 
their coefficients of variability being 48 and 34 respectively for the two farms. 

The two series of yields were subjected to an examination for secular 
changes by fitting polynomials of the 5th degree [Fisher, 1925]. The values 
of a:'s for the two series are shown below : — . 


For both the series none of the values of the x's is significant when com- 
pared with the standard residue, indicating that there are no secular change 
in the series of yields. 

For studying the effect of rainfall on the yield of cotton the period 22nd 
May to 23rd October is considered. This period is divided into 31 sub- 
periods, each of five days. The total rainfall in each five-day period is com- 
puted from the daily rainfall records of the two stations for aU the years 
required. A fixed calendar date rather than the date of sowing has been used 
as a reference point for the season for convenience. The choice of a five-day 
period for a unit of time, although arbitrary, is believed to be fine enough to 
represent the rainfall distribution and also its effect in general on the growth 
of the crop, and the agricultural operations, such as interculture, weeding, 
etc. 

The 31 five-day rainfall figures for each year have been fitted with a 
polynomial of the 6th degree and a set of six constants a', b', c', d', e' and/' is 
obtained to represent the distribution. These constants which are given in 
Tables 11 (a) and II (b) for the two stations are later used as independent 
variates with which the crop yield is correlated to obtain a regressional integral 
according to the method developed by Fisher [1924]. Each series of the 
distribution constants in Tables II (a) and (6) has been examined for the pre- 
sence of secular changes over their respective periods. Tables Ill-a and III -6 
give the values of x's together with their standard residues. 


Mean 

Akola 

Jalgaon 

442-9 

484-7 

*33 2 • • 

+280-7 

—68-2 

J33 g * * . 

+ 131-2 

-173-0 

• 

+ 19-0 

+ 143-6 

a'j ... 

—346-5 i 

—52-6 

® « • • 

+ 164-8 

+87-9 

Standard residue . 

211-0 : 

176-9 


962 
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Table I 

Yidd, of seed coUon in lb. per acre at AJcola and Jalgaon 


[X 



i 



I! 


;■ Year ■ 

Yield at 

Akola 

. Yield at. 
Jalgaon, 

1907-08 



258 


1908-09 



342 


1909-10 


* • 

604 

... ^ ■ 

1910-11 


, 

269 


1911-12 


. 

670 

•V,. 

1912-13 



486 


1913-14 



609 

277 

1914-16 


1 

664 

■ 387 

1915-16 



682 

777 

1916-17 



60 

623 

1917-18 



179 

112 

1918-19 



218 

696 

1919-20 



771 

646 

1920-21 


, 

66 

■ 698 

1921-22 


, ■ 

513 

626 

1922-23 


• 

216 ! 

484 

1923-24 



■■■ ■ 456 " j 

603 

1924-25 


■■ ^ 

334 

; 537 

1925-26 


■ ^ 

393 

1. 362 

1926-27 


■ , 

378 ... 

' 673 ■ 

1927-28 



782 

441 

1928-29 



662 

j ' 360 ' 

1929-30 


■ ^ 

■ 753. 

i 614 

1930-31 



667 

642 

1931-32 


■ , ■ 

150 

153 

1932-33 


« 

■.■■'683' 

529 

1933-34 



433 

527 

1934-35 



634 

1 290 

1936-36 


• 

. , , . 

502 

Mean 



443 

485 

B.D. . 

* 

. 

213 

165 

C. ofV. 

• 

• 

48 

34 


It is interesting to compare the mean yalues of the rainfall distribution 
constants for the two stations given in the first rows of Tables 111-a and III-6. 
The mean values for the two stations show good agreement and the differences 
will be seen to be not significant in the light of the pooled estimates of errors. 
This indicates that the average amount as well as distribution of rainfall for 
the two stations are more or less similar* 




EAINFALL DISTEIBUTION AND COTTON YIELDS 
Table Il-a 

RainfaU distribution constants— Ahola (unit-j^ i 


c ' 

d ' 

e ' 

1 —167 

+ 73 

+ 19 

) —249 

+ 103 

—40 

) >-142 

+ 39 

. —30 

5 —178 

+ 5 

—58 

1 —109 

+ 57 

—13 

i —154 

+ 84 

+ 6 

—210 

+67 

0 

—143 

—27 

—72 

—177 

+65 

—12 

—169 

+61 

+22 

—38 

— 45 

—48 

+ 16 

’ +9 

+3 

— 02 

+60 

—68 

—63 

+27 

—25 

—147 

+ 9 

—24 

—240 

+ 113 

+ 3 

—139 

—11 

-»-45 

—176 

—100 

+ 8 

—119 

+34 

+ 38 

—306 

+ 89 

+ 57 

—19 

+47 

—164 

—30 

0 

—76 

—67 

+ 131 

—112 

—134 

—124 

—73 

—106 

—6 

—49 

—207 

+30 

+21 

—156 

+ 4 r 

—35 

—318 

+45 

+83 
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Table Ihb 


Eainf all distribution constants — Jalgaon {unit ^ooi) 


Year 

a' 

b' 

c' 

dr 

'e'-' 

/' 

1913-14 

904 

—146 

—230 

+ 78 

-fl2 

—9 

1914-15 

1,197 

—69 

~^265 

+ 36 

—30 

—28 

1916-16 

966 

-f78 

—90 

+ 83 

—67 

—92 

1916-17 

995 

—41 

—150 

+92 

+38 

—6 

1917-18 

778:' 

4-126 

—19 

—70 

—70 

'—26 

1918-19 

421 

—123 

—56 

+37 

—4 

_7 

1919-20 

966 

—95 

—61 

+ 1 

! 44 



1920- 21 

1921- 22 

1922- 23 

1923- 24 

1924- 25 

1925- 26 

1926- 27 

1927- 28 

1928- 29 

1929- 30 

1930- 31 

1931- 32 
1932 33 

1933- 34 

1934- 35 

1935- 36 


399 
928 
686 
1,014 
787 
526 
705 
855 
787 
697 
1,380 
1,659 
937 
1,201 ’ 
1,484 
823 


+ 141 

—95 

—17 

—119 

—138 

+ 70 

+50 

—106 

137"'.' 

+45 

+ 23 


—119 

—43 

+ 84 

+ 42 

+71 

+36 

+ 47 

—13 

—26 
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Table III 

Secular changes in rainfall constants 


(a) AJcola 


Mean 


(6) Jalgaon 


Mean 


+ 474*32 


For Akola, the mean five-day rainfall does not show any trend over the 
period of 28 years ; some of the other rainfall distribution constants, however, 
show tendencies of slow changes. For example, V shows an upward trend 
as indicated by its value of Significant changes have also oc<mrred in 
the rainfall distribution constants c' and e* as is seen from the values of x 3 and 
for c' and of x\ for e\ This shows that while the total rainfall at Akola 
has not changed over the period under consideration, its distribution over the 
season shows slight changes. The secular changes in the distribution of 
rainfall at Akola over a period of 65 years has been studied in another paper 
[Satakopan, 1936]. ^ . 

At Jalgaon the amount of rainfall shows a slight secular change as mdi- 
cated by the value of for tk? 9/ constant. The co^^tant 0 also shows a 
similar change. 


+857*82 

—43*68 

— 142*86 

+29*61 

—24*43 

+264*01 

+219 *11 

—0*14 

—77*03 

—11*67 

+ 311*49 

—62*94 

—169*39 

+39*70 

+ 34*11 

+ 170*06 

—45*14 

—52*00 

—16*98 

+67*71 

—92*17 

—101*64 

—78*36 

+20*98 

+ 113*05 

+73*20 

—53*04 

—153*93 

1 +30*38 

+ 53*65 

239*9 

09*3 

73*6 

61*2 

47*9 


—28*09 

—154*04 

+32*17 

+60-70 

—118* 85 

—64*35 

—45*82 

—181*62 

—6*04 

— 77-10 

+38*52 

—20*12 

—178-99 

: —143*84 

+74*20 

+87-13 

+ 69*06 

+48-70 

125-0 

86*4 

67*2 


966 
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The series of yields for the two stations were correlated with their respec- 
tive distribution constants for rainfall to find out the effect of the rainfall and 
its distribution on the yield. The correlation coefficients after eliminating 
the secular changes from both the yield and rainfall constant series were deter- 
mined. These coefficients together with the direct coefficients without elimi- 
nating the secular changes are given in Table IV. 

Table IV 


It will be seen that the correlation coefficients, though small, have increased 
in many cases after eliminating the secular trend in the yield and the rainfall 
distribution constants. 

The sums of squares and products of the rainfall distribution constants 
among themselves, after correcting for the secular changes, are given in Table 
V. Fisher’s method was used to solve the six simultaneous equations to 
obtain the six coefficients of regression of the rainfall distribution constants 
on the yield separately for the two stations. In Table VI are given the 
matrices of multipliers each of which is the co-factor of the corresponding 
number in Fable V divided by the value of the corresponding determinant. 

The regression coefficients of the various rainfall constants on the yield 
are obtained by multiplying the sums of products of yields and the rainfall 
constants after correcting for the secular changes, by the various figures in 
the corresponding column of the matrix of multipliers and adding up. The 



1 

Akola 


Correlation coefficient of yield 
with 

Direct corre- 
lation coeffi- 
cient 

Correlation 

coefficient 

after 

eliminating 

secular 

trend 

Direct oorre« 
lation coeffi- 
cient 

Correlation 

coefficient 

after 

eliminating 

secular 

trend 

a' . . . 

—0-078 

i 

—0-237 

0-292 

—0-140 

y . . . . . 

—0-147 

-—0-341 

-^0*366 

-~~-0-450 

c' 

0-058 

0*138 

0-003 

0-221 

d' 1 

0-082 

0-164 

0-154 

0-162 

e' . . . . . 

—0-375 

—0*375 

0-005 

0-024 

f . . . . . 

0-072 

0-067 

O-lU 

0-275 



VI] EAINFALL DISTRIBUTION AND COTTON TIELDS gg'j 

f egression equations expressing the yields in terms of the distribution constants 
for the two stations are : ' 

Ahola 

Y* = — 0-432 a'+ 0-328 6' — 1 -285 c'-f 1 -317 d' — 3-033 e'+2-067/' 

Jalgaon 

r* =— 0-149 o' -f 0-191 6' ' -0-802 c'+' 1-673 d' —1 -399 e'-f 2-178/' 

Though the eoefacients have different values it is interesting to note that they 
have similar signs for the two stations indicating similar relationship in gene- 
ral. 

The data for the two stations, as has already been observed, are available 
only for short periods. They may also be combined to arrive at an estimate 
of the average relationship of the yield with rainfall in the area which thev 

-I- T-i- -I « r-v ...4. ... J] Xl X Xl_ _ IX 1 ' • -1 -i 1 _ 

I on a larger number of 
one station, will be more reliable, though 

' be not 


represent. It is expected that the results, being based 

observations than is available at < ' ' 

it must be recognised that the relationship thus deduced will probably 
exactly representative of the situation at either of the two stations. The 
pooling of the sums of squares and products in Table V together to form a 
combined regression equation has also a limitation that if there is any extra- 
neous source of variation in yield common to the two stations in one year 
when the rainfall constants are similar it will introduce an error in the regres- 
sion formula [Hopkins, 1935]. 

Table V 

Sums of squares and products of rainfall distribution constants after correcting 

for trend 

{a) Ahola 

a' .. . -t-1265938 

b' . . . +207647 +262798 

o' . . . —172697 —740 +119196 

£?'... —42582 —106029 —26666 +82333 

e' . . . — 11060 — 2988 ■ — 44938 +7808 +60417 

/' . . . +14833 +8139 +7332 +26946 +251 -t-2937e 

■ (6) Jalgaon 

a' .. . +1212281 

6' . . . +238826 +266696 

c' . . . —134462 +68306 +126797 

d' , . . —31634 —34168 —4997 + 76742 

e' . . . —46086 —33013 —41072 +12887 ■}-48717 

f' . . . —46718 —69804 —16786 —33124 -|-848l -^4486S 


a', b', etc. in the equations represent departures of the respective variables from 
their polynomial values. 
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Table VI ■ 

Matrices of multipliers 


a' 

6' 

c' 

d' 

■ ■ ■©' 

r 



■ ■ i, . " 

(a) Akola 



+2-72769 

—6*21017 

+7*90718 

—7-70620 

+8-43043 

—8*77007 

--6 •21017 

+ 25*78191 

—20*59118 

+ 37-22662 

—23*90910 

■■■+36*48341 

+7*90718 

—20 *591 18 

+ 36-78337 

—23*70542 

+36-72445 

-29-62666 

—7-70520 

+37 •22662 

—23-70642 

+73-47607 

—32*07296 

+ 67' *16532 " ' 

+8*43043 

—23*90910 

+ 36-72445 

—32*07296 

+57*260'49 

-36-70802 

—8*77007 

+35*48341 

— 29*52666 

‘ +67*16532 

—36 •70802 

+97*93120 



(6) Jalgaon 



+ 1*96645 

—3*44389 

+4*59228 

—2*93743 ” 

+ 4-82221 

—3*94872 

—3*44389 

+ 21*47110 

—10*68097 

+29*13231 

—13*20264 

+45*11634 

+4*69228 

—10*68097 

+22-29350 

—10-46298 

+ 20-81640 

—12*87640 

—2-93743 

+29*13231 

—10*46298 

+ 64*14781 

—23*33652 

+ 83*69135 

+4*82221 

—13-20264 

+20*81640 

—23-33662 

+45*10136 

—30*65014 

—3-94872 

+45*11634 

—12*87640 

+ 83-69135 

—30*65014 

+ 141*16104 


The combined regression equation obtained was : 

F = ~-0-240a' — 0-100 6' —0-856 o' 4-0-939tZ' — 2-040e' +1-447/' 
The values of yields were then calculated for the various years using this 
regression equation for both stations. These are plotted with their actual 
values in Fig. 1. Comparatively large diiferences are observed between the 
actual and calculated values of yields for the years 1910-11, 1915-16, 
1919-20, 1920-21 and 1931-32 at Akola and for 1915-16 and 1917-18 at Jalgaon. 
The peculiar features of these years are indicated below.’*' 


* The causes of the large deviations of the calculated from the actual values can be 
grouped under two heads ; (a) Ejects of factors that have not been taken into considera- 
tion in evolving the regression equation, e.gr. November rainfall in 1910-11 at Akola. 
Heavy rainfall at Akola in November is a comparatively rare phenomenon and hence we 
have considered only rainfall for the period ending October 23. Unless a long series of 
records giving many Novembers with varying amounts of rainfall is available iFis not 
possible to express the effect mathematically and include the same in the regression 
equation. (6) Effects due to the inadequate representation of the dependent variate. The 
mathematical representation of the rainfall distribution by a smooth curve has this 
natural limitation. We are fitting here a smooth curve to an essentially discontinous 
variable in point of time, No matherAatioal functiou which is continuous can take into 
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CALCULATED 


% ACTUAL 

^ polynomial 


Fief. 1. Calculated and actual yields of seed cotton 


consideration all the features of a rainfall distribution. As such, effects such as those 
observed in the year 1915-16 at Jalgaon remain outside the scope of the regression equa- 
tion determined. 

The purpose of recording these explanations for large departures is that the fore- 
caster who uses the regression equation may, after determining the yield for any year 
from the equation, modify the value to account for such known effects outside the scope 
of the equation and give the final forecast. 
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Akola 

1910 - 11 — year the rains began early arid were well distributed 
throughout the growing season. The first part of the season was very favour- 
able but a fall of rain in the first half of November, a period which is not in- 
cluded in the regression formula, did serious damage to cotton by washing 
down many of the mature and immature bolls and flowers. 

1915-16.— The records at the farm do not show any special notes except 
that weeding and hoeing operations were taken advantage of fully because of 
the opportune breaks in the growing season. 

1919- 36 —This was a remarkable season for the amount of sunshine. 
There were only 25 rainy days from the 1 July to the end of September and the 
rainfall was most opportune. 

1920 - 21 , — ^This was an exceptional year. The total rain was only 10* 7 
in. There was practically no rain for the rest of the cotton season after the 
first fortnight of July. 

1931-J3.— The actual yield is even lower than the calculated yield. This 
may be attributed to the abnormal continuous rain amounting to 9*7 in 
from 1 to 11 October. 

Jalgaon 

1915 - 16 , — ^During this year, the rains during the period July 14 to 
August 6 which would have adversely affected the yield under normal 
conditions (see response curve) are said to have favoured the crop due to lack 
of the usual rains up to 14 July. This probably accounts for the high actual 
yield. 

19i7-l<S.— Monsoon broke as late as June 28. Moreover there was 
hardly sufficient rainfall to keep crops growing till the end of August. Late 
rains saved the crop from complete rurii. 

From the regression coefficients six coefficients expressing the average 
benefit or loss in lb. per acre ascribable to an additional unit of the distribu- 
tion constant are determined and these coefficients when combined with the 
corresponding orthogonal functions of time give a continuous curve showing 
the average effect in lb. per acre corresponding to an additional inch of rain 
at any time during the period considered. Such curves which are called ' the 
response curves ’ are given separately for the two stations in Pig. 2 and in a 
combined form in Pig. 3. 

It is interesting to note that there is in general a similarity between the 
two curves for Akola and Jalgaon except towards the end of the season. Both 
the stations show an adverse effect for an additional inch of rain in the fourth 
week of May. Heavy and continuous rainfall in the latter half of July and 
the first half of August affects the yield adversely as it gives rise to weeds and 
waterlogging and delays weeding and interculture operations. Heavy rain 
at the end of September or the early part of October damages the cotton crop 
by causing the shedding of bolls. 

The combined curve confirms the observations recorded above. The 
adverse effect of rain in the fourth week of May is rather difficult to explain. 
It may be mentioned that the investigation of the effect of monthly rainfall and 
temperature on cotton yield in the districts of the Bombay province [Kalam- 
kar, Satakopan and Gopal Eax), 1935] has shown that high average maximum 
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temperature in May is found to Have a beneficial effect on yield in the districts 
of Khandesh, Surat and Ahmedabad, which may be attributable to the fact 
that under the influence of the hot sun the black cotton soil ‘ ploughs itself’, 
and this exerts a beneficial effect on the subsequent crop of cotton on it. 


May June July Aug. Sept. Oct. 
Fig. 2. Response curves for Akola and J algaon 


Similar adverse effect has been noticed in Gazeira by Orowther [1925] 
who observes that rainfall in May and June exerts a depressing effect on the 
yield of cotton sown in the following July or August at Gazeira, He attri- 
butes it to the washing off of the nitrates formed in the soil. It may be men- 
tioned in this connection that fortnightly estimations of the total nitrogen in 
the soil at different depths in the bare plot of the Central Agricultural Meteoro- 
logical Observatory have been made regularly during the last two-and-a-half 
years. These data (unpublished) show that the first showers of the season 
do cause a drop in total nitrogen in the soil. This effect is probably due to 
leaching. This adverse effect has been also attributed to the possible inter- 
ference with the soil cracks [Lambart and Crowther, 1935] by rainfall 
which reduces the rate .of drying off of soil and closes the sub-soil cracks, thus 
preventing adequate sub-soil aeration or water penetration. 
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May June July Aug. Sep. Oct. 

Significance of the dependence of yield on the rainfall constants can be 
tested by partitioning the total sum of squares as indicated in Table VII. 

It may be seen that the variances due to regression and the residual do 
not differ significantlyj the multiple correlation coefficients being i2 = 0* 58 
and B == 0*56 respectively for the two stations. In the analysis of variance 
for the combined regression, it is seen that the ratio of the mean square due 
to ‘ regression ’ to that due to ^ residual ’ is 2* 32 which approaches the 5 per 
cent point for this ratio, viz, 2*39 [Snedecor, 1938]. The multiple correlation 
coefficient is 0* 54. It will be observed that the combination of the two series 
into one equation shows a slight improvement in the significance of the vari- 
ance due to ^ regression ’ on account of comparatively larger number of degrees 
of freedom. 

The analysis on the whole indicates that the significance of the rainfall 
effect is not definitely established from these data at Akola and Jalgaon ex- 
tending over short periods. It is, however, interesting to note that the res- 
ponse curves showing the average effect in lb. ascribable to an additional 
inch of rain appears more or less to agree with the usual impressions of the 
cultivators as regards the influence of rain on the yield of cotton* In this 
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connection a paper on ‘ Cotton prospects on the Nagpur Agricultural College 
Farm ’ by McDougal [1935] is of interest. 

In conclusion, the authors wish to express their thanks to Dr L. A. Ram- 
das, Agricultural Meteorologist, Poona, for help in the preparation of this 
paper. 

Table VII 

Analyses of variance 


Factor 

T 

D. F. 

Sum of 
squares | 

Mean 

square 

(a) Ahola 


1 

j 


Regression 

6 

334,196 

65,699 

Polynomial 

5 

243,602 

48,720 

Residual . 

16 

645,451 

40,341 

Total 

Y 

27 

1,223,249 

45,306 

(6) Jalgaon 




Regression 

6 

169,082 

28,180 

Polynomial 

5 

65,697 

13,139 

Residual * . . 

11 

363,246 

1 33,022 

Total 

22 

598,025 

27,183 

f 

1 (c) Ahola- Jalgaon (Combined) 




1 Regression 

6 

448,057 

74,676 

Residual . . ^ ^ 

33 

1,063,918 

32,240 

Total 

39 

1,611,975 

38,769 
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(With one text-figure) 

I. Inteodrotion 

T here are three well-known methods of improving the quality of a crop — 
(1) importation and subsequent acclimatization of foreign seed, (2) mass 
or single line selection and (3) hybridization. Of these, the first method 
appears to have worked fairly well with virgin soils and a few crops, while the 
other two methods have offered scope for a wider application. Among these, 
improvement by selection is generally slow but sure in the long run ; it has 
also this quality that if improvement is desired in any one character, it may 
take place simultaneously in a few other characters which are closely linked 
to the former. Thus, the improvement by this method is generally aU-round, 
with an especial emphasis on a few closely associated characters. The third 
method — hybridization — is capable, in theory, of yielding spectacular results, 
but our knowledge of genetics is so imperfect that examples of such successes 
are not many in practice. It is, however, possible by employing this method 
to aim at improvement, by crossing and back-crossing again and again, on a 
few selected characters. For this purpose, it is necessary that the breeder 
should have some idea of the degree of inheritance of the character or charac- 
ters which he wishes to introduce or intensify in a progeny with a view to 
improving it, and that he should also know the degree of variability of these 
characters due to seasonal or environmental factors so as to assess the true 
measure of success achieved by him in his work. 

For a crop like cotton, which is grown primarily for industrial purposes, 
the work of the breeder is intimately connected with that of the technologist, 
the object of the combined efforts of both being to develop new varieties, which 
on the one hand, should pay more to the farmers and, on the other, should 
appear more to the spinner as compared with the old varieties. The higher 
monetary^ return to the grower depends partly upon good yield and ginning 
percentage and partly upon the superior quality of the cotton, while the 
spinner is mainly interested in the latter, which should enable him to spin 
finer or stronger yarns from the new variety. Now, a large number of factors 
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go to make up what is commonly, and somewhat vaguely, known as the spin- 
ning quality of a cotton, but chief among them are the mean fibre-length and 
fibre-weight per inch, the latter being a measure of its fineness. The relative 
importance of these two fibre properties, it is interesting to note, is somewhat 
different for the different groups of cotton. For instance it has been found 
that for the Egyptian cottons the mean fibre-weight per unit length plays the 
most important part [Turner, 1934] while for the Indian cottons, the mean 
fibre-length takes the first place among the factors determining their spinnine 
quality [Turner and Venkataraman, 1934], Another property which 'though 
not so closely connected with the strength of yarns into which a cotton may be 
spun, has been found to have an important bearing upon their appearance and 
neppiness is the maturity of its fibres [Gulati and Ahmad, 1936]. These two 
fibre properties, namely fibre-weight per inch and maturity, are closely inter- 
related, as both owe their origin to the deposition of protoplasmic material 
within the cell-walls during the later half of the development of the fibre 
It is, however, noteworthy that while the regular and uninterrupted supply of 
protoplasm to most of the fibres helps to increase the maturity percentage and 
therefore, reduce the neppiness in the yarns, it simultaneously tends to increase 
the mean fibre-weight per inch, which pulls down the spinning quality of a 
cotton. Therefore, in order that the yams spun from the new varieties may 
combine good strength with a reasonable degree of freedom from neps the 
cotton breeder, aided by the technologist, must aim at an improvement in 
staple length and must also strike a happy balance between fibre-weight per 
unit length and percentage of mature hairs. It is, therefore, essential that a 
systematic study should be made of the influence of genetical factors upon 
these three fibre properties and their response, if any, to environmental 
factors. But in such studies it is not always easy to separate the e^iron^ 
mental from the genetical factors, which are partially masked by the former. 

The present investigation provides an example of an experiment in which 
environmental and genetical factors are combined in a .single field experiment, 
so that the effect of the former can be partially eliminated for the effective 
study of the latter. The experiment was planned and laid out at the Insti- 
tute of Plant Industry Farm, Indore. The experimental field of which a plan 
IS shown in Fig. 1 comprised ten randomised blocks each measuring 44 ft. x 
24 ft. Each block contained 22 plots, out of which two plots on either side 
(north and south) were left out as non-experimental areas, leaving 18 plots for 
the experiment. These 18 plots were distributed as follows : 


Unfortunately the material from the four progenies of FgS was not avail- 
able ; consequently we have confined our experiments and discussion to three 
parent strains and their three FjS which are marked by slanting and cross lines, 
respectively, in Fig. 1 . Each plot consisted of a single row of plants 24 ft. long ; 
the plant in the row being 1 ft. apart, while the space between two rows was 


(1) Parent strains. Own 620, Bani and Malvi , . , . 3 

(2) PiS, viz. Cwn 620 xBani, Own 620x Malvi, andMalvi X Ban! 3 

(3) Four progenies of each Fs V • * . * , , 12 



^ ^ ^ ^ ^ ^ ^ ^ HBBE ^rjrj 

2 ft. IVo ^ants on either side (east and west) were discarded so as to allow 
for border effects, leaving 20 plants per plot for experimental work. Since there 
were 18 plots in a block, the total number of plants was 360 per block, of which 
120 belonged _ to the three parent strains and their P^s. If all the plants 
were studied individually we should have to collect material from, and make 
the tests on, 1,200 plants. However, material from all the plants was not 
available. Material from 691 plants (classified as in Table I) was received at 
the Laboratory for testing. 


rwn NON EXPERIMENTAL PLOT 
mm PARENT STRAINS. 


Fia. 1, ^k^tch plan of experiment 8331/35, 1. P. 
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Table I 


Distribution of samples received for testing 


(Cotton 

Blocks , , 

Total 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X' 

Own 520 

8 

6 

12 

8 

10 

13 

7 

6 

7 

4 

81 

Bani . . . • 

14 

15 

17 

13 

16 

14 

12 

8 

11 

16 

136 

Malvi . . 

12 

11 

13 

11 

9 

12 

' ® 

13 

7 

7 

100 

Cwn 520xMalvi . . . 

11 

12 

13 

16 

14 

13 

11 

15 

16 

13 

134 

BanixMaM ... 

14 

11 

8 

6 

10 

14 

12 ' 

14 

13 

17, 

119 

Own 520 X Bani . . . 

14 

15 

10 

4 

7 

9 

1 13 ■ 

17 

19 

13 

121 


73 

70 

73 

58 

66 

' 75 

60 

■ 73 

73 

70 

691 


It will be seen from Table I that the minimum number of plants is four 
for Own 620, block X, and Fj (Own 520 x Bani), block IV ; consequently, 
if we keep this number as the minimum for all the plots, the total number 
of plants available for testing would be 4x60=240. We have, however, 
tested the material from 120 plants, assuming that two plants per plot would 
be suflScient for the study of plant-to-plant variation. The selection of the 
material from two different plants out of the total available for each plot 
(Table I) was made completely at random. Fibre-maturity and fibre-weight 
per unit length were determined for each of the 120 samples obtained in this 
way. The measurement of the mean fibre-length and fibre-weight per unit 
length of these samples was carried out on the new stapling apparatus 
[Ahmad and Nanjundayya, 1936], while the technique described in an earlier 
publication [Gulati and Ahmad, 1935] was followed for the maturity count. 
The results obtained for these 120 samples provide the material for the study 
of ; — 

(1) The genetical variation. 

(2) Variation between blocks (major environment). 

(3) Variation between plots of the same block (minor environment). 

(4) Variation between plants of the same plot (environmental and 

small genetical contribution due to strain impurity). 

IL SbPAEATION OF ENVIBONMEHTAL AND GENETICAL VABIATIOSr 
The data obtained for the individual plants for fibre-weight per unit 
length, percentage of mature hairs, and fibre-length are given in Tables A 
B and C in the appendix. The environmental and genetical factors are 
sorted out by the application of analysis of variance. For this purpose we 
construct sum and difference tables (similar to the split-plot technique) 
[Koshal, 1935]. The two values given in Table A for each plot are added and 
this constitutes the sum table (Table II), while their differences form the 
difference table (Table III). We illustrate this point by reproducing the two 
tables for fibre-weight per inch, while similar tables were also constructed, 
but are not reproduced, for the other two properties, namely mean fibre-length 
and fibre-maturity. 



FIBRE PROPERTIES OP COTTON 


Blocks 


Cotton 


Total 


Malvl 


Own 520 x Maivi 
BanixMaIvi 


Total 


Table III 
Difference table 
{Fibre-weight per unit ] 


The 60 values comprising the sum table are analysed in the usual manner, 
to separate the effects of varieties, blocks, and plot-to-plot variation, and the 
59 degrees of freedom are apportioned as shown in Table IV. 

Table IV 

Preliminary analysis of variance ; fibre-weight per unit length 


It will be seen that the variance due to varieties, which includes practi- 
cally the whole of genetical variation i^ highly significant, while the variance 



D. F. 

S.S. 

M.S. 

F 

Varieties 


1-754367 

0- 360873 

8-8687 

Significant (P«0*01) 

Blocks 

9 

0-415170 

0-046130 

1-1660 

Non-significant 

Plot error 

45 

1 •780350 

0-039663 



Total 

59 

3-949887 





v,.^_^Blocks 

I 

II 

III 

. 

IV 

V 

VI 

■ VII 1 

VIII 

IX 

[■":s 


Own 520 . . 

—0 

•23 

— 0 

•40 

— 0 

•15 

— 0 

•58 

— 0 

•14 

0 

•23 

— 0 

•13 I 

0 

•24 

— 0 

•15 

~o 

•68 

Bani . 

0' 

•34 

0 

•07 

0 

•04 

— 0 

•09 

— 0 

•11 

- — 0 

■62 

-~o 

•76 

— 0 

•24 

0 

•13 

0 

•42 

Malvi . . 

' ' O' 

-14 

— 0 

•10 

0 

•05 

0 

•01 

0 

•22 

0 

•31 

— 0 

•20 1 

— 0 

•20 

—0 

•11 

0 

•42 

Own 520 X Malvi 

—O' 

■16 

O' 

■17 

-H) 

■65 

0 

■53 

O' 

•12 

0 

■04 

O' 

■00 

O' 

•15 

0 

•28 

— O' 

'll 

BanixMaIvi 

— 0* 

21 

0- 

09 

0- 

■11 

— O' 

•26 

0- 

■42 

0- 

■21 

O' 

■39 

0- 

■16 

— O' 

■36 

O' 

12 

Own 520 X Bani 

-0- 

'42 

0- 

05 

O' 

■09 

— 0. 


O' 

31 

—O' 

05 

O' 

■20 

0- 

■09 

—O' 

■31 

—O' 

■28 
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due to blocks (environmental) is non-significant. The variation between 
plants in the same plot can be calculated in two ways _ 

(1) The total sum of squares corresponding to 119 degrees of freedom is 

obtained from the individual plant data of Table A (Appendix) 
and from this the total sum of squares for 59 degrees of firee- 
dom given in Table IV is deducted. The balance will be sum 
of squares for variations between plants in the same plot, cor- 
responding to 60 degrees of freedom. 

(2) The figures given in difference table (Table III) are squared and 

the resulting sum is divided by 2. This wiU also provide a 
check on the calculations. 

The complete analysis of variance is given in Table V. 

Table V 

Analysis of variance ; fibre-weight per %mit length 


Varieties 6 1-754367 0-360873 8-6603 S^^flcant for F = 

Blocks 9 0-416170 0-046130 1-1386 Non-significant 

Plot error 46 1-780360 O-039563'l ^ 

Plant error 60 2-473700 0-041228_p 

Total I 119 6-423687 

The significance of plot error is judged from the plant error and since 
it is non-significant, both can be combined to give 105 degrees of freedom for 
error. From this analysis it is evident that the evironmental factors (major 
and minor) are non-significant, and the major portion of the variation, bemg 

due to varieties, is of genetical nature. , i x - j 

The results of application of analysis of variance to the data obtained 
for maturity percentages and mean fibre-length are shown m Tables VI and 

vn. 

Table VI 

Analysis of variance ; percentage of mature hairs 


0-040615 


3*624 Significant (P =0*01) 
1 • 026 Non-significant 

-46 '337 



D. F. 

S. S* 

^ M,S. 

Varieties 

6 

839*57 

167-914 

Blocks 

9 

368*87 

40-986 

Plot error 

45 

2469*43 

64-876'^ 

Plant error 

60 

2396*00 

39- 933 J 

Total 

119 

6073*87 
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Table VII 


Analysis of variance ; fibre-length 



D.P. 

S. S. 

M. S. 

F. 


Varieties . . i 


1*89975 

0*37995 

68*962 

Significant (P>=0*01) 

Blocks 

9 

0*11634 

0*012927 

2*006 

Non-significant 

Plot error 

45 

0*28998 

0*006444 

1*804 

Significant 

Plant error . 

60 

0*21425 

0*003571 



Total 

119 

2*52032 





The relatively small influence of environment on both the fibre-weight 
per unit length and the mean fibre-length has also been recently pointed out 
by Barre [1938]. In this experiment 16 varieties of cotton from the same 
seed stock were grown at 14 different places across the cotton belt in order 
to study the influence of variety, soil, climate and season on their fibre proper- 
ties and spinning value. The results of one season indicate that both fibre- 
weight per unit length and fibre-length are inherited in a definite way, and that 
the influence of environment is small. 

III. GeNETIOAL VABIATION IN FIBRB-WEiaHT PER UNIT LENGTH, FEBRE- 
MATHRITY AND FIBRE-LENGTH 

The total variability with respect to any measureable character may be 
divided into two classes, (1) Genetic variance, (2) Environmental variance. 
In a randomised block experiment, such as the one we are discussing, the main 
environmental effects are equalised between blocks, and the minor effects 
are distributed at random within blocks. For statistical purposes the various 
genetical factors may be divided into two parts 

(a) An additive part which reflects the genetic nature without dis- 
tortion, and 

\b) the non-additive part which represents the deviation from the 
direct effects of the different Mendelian factors. This non- 
additive interaction of the genes is designated as ‘ epistacy ’ 
by Fisher [1918]. 

We shall consider in this section the genetical variance in relation to the 
three fibre properties and the appropriate method for the evaluation of the 
various genetical factors. 

There are three parent strains, Own 520, Bard and Malvi. The first 
question which arises is : Which of these varieties gives the best results on 
crossing ? If A, B and C represent the set of genes in the parent strains, res- 
ponsible for fineness, then a comparison* such as 

* These formnlse were kindly suggested to one of us (R. S* K.) by Prof. R. A. Fisher, 
F.R.S., during his visit to India (January 1938). 
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F 

will enable us to find out whether A is better than B or vice versa, while the 
■variance contributed by this factor would be [(2AA-f-AB+AC) — (^B+AB-f- 
BC)]^ 200. We are now left with the third variety C which can be compar- 
ed with the average effect of A and B. This is given by 

(4CC-1-AC+BC)— -(2AA-[-2BB -j-2AB), while the variance con- 
tributed by this factor is given by 

[(4GC-fAC+BC)— {2AA+2BB4-2AB)]2-^600. 

, These two factors may be designated as ‘ genetic 
In the present investigation fibre tests were made on 20 plants for each 
of the three parent strains and their first cross progenies, consequently, AA, 
BB, etc. represent the totals of 20 tests. The divisor for calculating the 
variance due to each factor is obtained by multiplying the suni of squares 
of the coefficients of AA, BB, etc. by 20. Thus the figures 200 and 600 are 
calculated as follows : — 

(22 -1-1 +22 4-1 ) X 20 = 10 X 20 =200. 

( 42 +1 +1 +22 +22 +22) X 20=30 X 20=600. 

In addition, we can compare the performance of the three parent strains 
with their F^s ; this may be done by evaluating the expression 

AA-f-BB — 2AB, 

i.e., double the value of each cross is compared with the sum of the performance 
of the two parent lines. If this expression yields a negative result, it is 
heterosis or hybrid ■vigour. In some species and in some characters it may 
happen that these comparisons give predominantly negative results ; in such 
cases their total contribution constitutes a single comparison for heterosis, or 
as it is sometime called ‘ dominance bias.’ In the present example this 
effect is measured by 

AA+BB— 2AB 
+AA+CC-2AC 
+BB+CC!— 2BC 

and the variance contributed by this factor is obtained by dividing the square 
of this value by 480. 

The figure 480 =22 x 6 X 20, since the above expression can be put in the 
- form (2AA+2BB-f 2CC— 2AB— 2AC--2BC) 

Now the only other genetical factor left is the manner in which interaction 
takes place between the different genes. This is spoken of as ‘ epistacy ’. 
The three factors, which contribute to it, are 

AA+2BC, 

BB-f-2AC, : 

CC+2AB, 

and the sum of squares contributed by the two degrees of freedom correspond- 
ing to epistacy are 

[(AA+2BC)2+(BB-f2AC)2+(CC+2AB)]2^100 
— [AA+BB-f-CC+2 (AB-HAC+BC)]2-f-300 
The divisors 100 and 300 are obtained as follows ; — 

(1 +22) X 20=5x20= 100 
(1+1+1 +22 +22 -1-22) X 20=15 X 20=300 
We can consequently divide the five degrees of freedom for varieties as 
shown in Table VIII. 
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Table VIII 


Thus all the genetical variation is explained by the two degrees of freedom 
set apart for ^ genetic the contribution of the other two factors, epistacy and 
heterosis being entirely non-significant. We shall, therefore, concentrate 
our attention on this factor only. Since there are three parent strains, the 
two degrees of freedom can be further broken up into single degrees of 
freedom in three ways : 

D. F. Variance 

{a) Avs. ’B - . * • • 1 1-077512** Significant (P =.0*01) 

Cm. Aand B . . . . 1 0-619531** Significant (P =0-01) 

Total 


1-697043 


1 0*026450 Non-significant 

1 1*670593** Significant (P=*0-01) 


1*697043 


1 1 • 441602* * Significant (P 0 - 01 ) 

1 0-255441 Non-significant 


1*697043 


Total 



B.F. 

S. S. 

M. S. 


Genetic .■ 

■2, 

1*697043 

0*84852** 

Significant (P==0*01) 

Epistatic . . . 

2 

0 •066920 

0*02846 

Non-significant 

Heterosis . . , . 

1 

0*000404 

0*000404 

Do. 


5 

1*764367 






984 


THE INMAN JOURNAL OF AGRICULTURAL SCIENCE 
Table IX 

Qenetical factors •, percentage of mature hairs 




1 

i D.F. 

i 


: M. s. 

1 

Genetic . . • • 

2 

411 *01 

205-51* 

■ ■ 

Significant (p «=■ 0 * 06) 

Epistatic . . 

2 

215-23 

107-62 i 

Non-significant , ; 

Heterosis . . . 

1 

213-33 

213-33* 

Significant (PaeO-05) 


i 

839*57 




Table X 

Qenetical factors, mean fibre-length 


' ' ' . ■ ' ■ ■ ■ ■ '. ! 

D. F. 

S. S. 

i M. S. 


Genetic . . • . i 

■ ' 2 

1-77064 

0-88632** 

Significant (P ** 0 • 01 ) 

Epistatic . . . . 

2 

0*01441 

0-00721 

Non-significant 

Heterosis . 

.1 

0-11470 

0-11470** 

Significant (P=0-01) 



1-89975 




It will be noticed that both for fibre-maturity and length, in addition to 
genetic comparison, heterosis is also significant, showing that the hybrids 
possess a tendency to produce fibres which are on the average maturer and 
longer than those in the parent strains. It is interesting to note that for all 
the three fibre properties studied in this investigation the effect of epistacy 
is smaU and non-significant. We may, therefore, conclude that the major 
portion of genetic variation is capable of being explained by the direct addi- 
tive effect of the genes. 

IV. FtTBTHEE STUDY OF HETEROSIS 

In the preceding section we found definite evidence for the existence of 
heterosis with respect to percentage of mature hairs and fibre-length. We 
shall now study this point in greater detail. If we represent the three parent 
strains, Malvi, Bani and Own 520 by M, b and o, we can denote the various 
crosses as under : — 

Cross Symbol 

Malvi X Bani Fj mxb 

Own 620xMalvi F, cxm 

Own 620 X Bani S'! cxb 

The average of the two parent strains may be indicated as A ; thus 
A M X B with respect to any character would represent the average value of the 
two parent strains m and B. 
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Now, when two parent strains there are in general three 

possibilities with respect to any measurable character : — 

( 1 ) The hybrid may be greater than the lower parent, but lower than 

the average of the two parents. 

(2) It may be greater than the average of the two parents, but lower 

than the higher p 

(3) It may be greater than either of the two parents. The last case is 

generally spoken of as heterosis or hybrid vigour. 

Comparisons made along the lines indicated above are given in Tables 
XI and XII. We will first consider fibre-maturity. 

Table XI ’ ■ ' . . 


Heterosis iri fibre-maturity 


Malvi X Bani 


Own 520 X Bani 


FjMXB— M 
FiMXB — B 
Fj MxB—A mxb* 

Fi C X B — B 
0 X B — C 
Fj c XB— A OXB 


= 2 • 2 • 16 Non-significant 

=- — 0 • 7± 2 • 16 Non-significant 
= 1 • 1 * 86 Non-significant 

>=3‘2±2*16 Non-significant 
« 8 • 2 ± 2 • 1 6 Significant 
= 6 • 7 ± 1 • 86 Significant 


Own 620 X Malvi . . Fj c Xm—M =0*06i2*16 Non-significant 

Fj C Xm~“C ==p 2*2 ^2*16 Non-significant 

F^ C X — A CXM —1-4 dbi *86 Non-significan t 

We obtain some interesting results from Table XI. When Malvi and 
Own 520 are each crossed with Bani, we get two F^s. Of these, Fjmxb 
gives a higher percentage of mature hairs than the average of the two strains, 
but the increment is non-significant. On the other hand, the cross F^ oxb 
gives a higher percentage of mature hairs than either of the two parents, but 
the increase over the higher parent is non-significant. 

The third cross F^ ox b, like Fi mxb, is not significantly different from 
the average of the two parent strams in respect of fibre-maturity. Thus, 
the average heterosis described in the previous section is due mainly to the 
cross between Own 520 and Bani. The same conclusion is obtained if we 
adopt the more general definition of heterosis and measure it by comparing 
twice the value of each cross with the sum of the values for the two parent 
lines. 

We will now consider mean fibre-length. 

Table XII 

Heterosis in rnean fibre-length 


Malvi X Bani 

. Fi MxB- 


= 0-22±0'025 

Significant 


Fi MxB- 


*04^0 -025 

Non-significant 


Fi MxB- 

“A MXB== 

— 0-09±0-022 

Significant 

Own 620 x Bani 

. FjCxB- 


— 013±0-025 

Significant 


Ficxii- 

-C 

=0-22±0-026 

Significant 


F. OxB- 

-A OXB 

=0-04±0-022 

Non-significant 

Own 620 x Malvi , 

. FiCxM- 

-M 

-=0-01±0-025 

Non-significant 


Fi OXM- 

-C 

=-0*10±0-025 

Significant 


FiOxM. 

—A OXM 

==:0 06±0-022 

Significant 
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It will be seen from Table XII that none of the crosses gives significantly 
higher length than both the parent strains, though in each case the cross is 
significantly longer than the lower parent, while in two cases, namely hxb 
and Fj ox M fhe mean length of the cross is not significantly difierent from that 
of the higher parent. There is thus evidence of a pooling of hereditary factors 
with the result that the combined effect is better than that which either can 
produce alone. This is confirmed by calculating heterosis from the general 
equation involving both the parent lines:— 

M4-B— 2FiMxB . . , . Significant 

B+C— 2 Fj Bxc . . • . Significant 

]y[-.j-,0_2 Fi M XO =— 0 ‘ 053 ± 0*018 * . . . Significant 

Thus all the three crosses show evidence of hybrid vigour although it is 
more pronounced for the two crosses, Fj mxb and F^ mxc, for which the 
negative differences are significant even for one per cent point. 

V. InTEB-BEDATION OF EIBBE-WEIGHT, FIBRE -MATURITY AND FIBRE -LENGTH 

Table XIII shows the result of applying analysis of variance and 
covariance to the three fibre properties studied in this investigation with a 
view to finding out the inter-relationship between them. 

■ . ■ Table XIII ■ 

Inter-relationship between fibre-weight, fibre-maturity and fibre-length 


The following conclusions are drawn from Table XIII 
' (1) Between fibre-maturity and fibre-weight. — The correlation between 

plants within the same plot is highly significant^ indicating that, regardless of 
any variety, samples with high fibre-maturity are usually associated with 
high fibre-weight per unit length or, in other wurds, mature fibres are generally 
coarser for all varieties of cotton. The correlation is +0*520, which agrees 
fairly well with the value +0*595 found by Gulati and Ahmad [1935] for the 
32 Indian cottons studied by them. 

{2) Between fibre-length and fibre-weight. — The correlation for varieties 
is significant, i.e. cottons having long staple usually have low fibre-w^eight 
per unit length. This relationship, however, need not necessarily hold good 
for strains belonging to the same variety, for when the effect of varieties is 
removed, the correlation -0*1096 for plants within the same plot is small 
and non-significant. This shows the existence of differential response among 
different varieties in this respect. This confirms the results of an earlier 





D. F. 

rfnw 

rml 

riw 

Varieties 

' : j' 

4 1 

—0*6092 

0*7313 

—0*8829* 

Blocks 


— 0*1772 i 

—0*1298 

—0*2179 

Plot-to-plot 

;44 :y|. 

0*4624=^’»‘ 

0*1861, 

— 0*3531* 

Plant4o-plant 

■ . 69 r 

0*5198’^=^' 

0*2689 

—0*1096 
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investigation on cottons of different botanical species carried by Iyengar and 
Turner [1930]. They found that while among the Mrsutum cottons, fibres of 
longer length generally possessed low fibre-weight per inch, the fibres of 
h6Tb€LC6Uf)%j %B§l6Ctu7^ and i%dicu7u cottons do not generally show any such 
change of fibre-weight with fibre-length. 

Summary^ 

This paper describes the results of an investigation undertaken with the 
object of studying the inheritance of three fibre properties, namely mean 
fibre-length, fibre-weight per unit length and fibre-maturity, which are known 
to have a considerable effect on the quality of yarn spun from a cotton. The 
tests were made on samples of three parent strans, namely Cwn 520, Bani 
and Malvi and their grown in a randomised block experiment in the same 
year at the Institute of Plant Industry, Indore. ■ 

From the preliminary analysis of variance it is found that the major por- 
tion of the observed variation is due to varieties and is of genetical nature, the 
variance due to blocks being small and non-significant. In order to study this 
genetical variation in greater detail, the variance for varieties was split up into 
three parts representing (1) genetic, (2) epistacy and (3) heterosis. Further 
analysis showed that for fibre-weight per unit length, greater part of the 
variation is of genetic origin, the effect of other two factors — epistacy and 
heterosis- — being non-significant. For fibre-maturity and fibre-length, however, 
heterosis, in addition to genetic comparisons, is also found to be significant, 
showing that the hybrids possess the tendency to produce, on the average, 
larger number of mature and longer fibres than the parent strains. Further 
study of heterosis indicated that the cross Own 520xBani gave significantly 
higher maturity than the mean of the parents, while in the other two crosses, 
although the maturity values were higher than the mean of the two parents 
the differences were not significant. As against it, aU the hybrids showed 
that there is evidence of the existence of heterosis in fibre-length, for each one 
of them gave significantly higher mean fibre-length than the mean of the two 
parents. 

In order to find out which variety gives the best results on crossing, a 
comparison study was made for the parents and their first cross progenies. 
If A, B and C represent a set of genes, characteristic of the parent strains,! n 
respect of any one fibre character, the expression 

(2AA -f AB +AC) — (2BB +BC + AB) 
would enable us to say whether or not A is better than B. On applying this 
method to the three fibre properties it was found that Bani gave significantly 
higher fibre-length and fibre-maturity, and lower fibre-weight than the other 
two varieties. Among the two crosses of Bani, the one with Malvi is longer 
and finer than that with Own 520. It is suggested that Bani should be crossed 
with other suitable varieties to find out where the shuffling of useful characters 
occurs to the best advantage for the improvement of quality. 

By the application of analysis of covariance two interesting correlations 
which confirm the previous findings were obtained : — 

(i) Correlation between fibre-maturity and fibre-weight , — The correlation 
for plants within the same plot is positive and significant, indicating that, 
regardless of any variety, mature fibres are generally coarser. 
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{2) Correlation between fibre-length and fibre-weight per unit length.— 
The correlation for varieties is negative and significant, but for plants within 
the same plot, it is non-significant. This shows that fibres of longer length 
of all cottons do not generally give less fibre-weight per unit length, indicating 
that a differential response may exist among varieties in this respect. 
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APPENDIX 

Experimental data eob the three eibre-properties 

Table A 


Figures in iialicB indicate the progeny and plant numbei- 


Blocks 

varieties 

I 

II 

Ill 

IV 

V 

VI j 

VII 

VIiII 

IX 

X 


840-12 

840-10 

840-7 

840-1 

840-3 

840-4 

840-4 

840-7 

840-3 

840-13 


2*79 

2*23 

2*28 

2*11 

2*34' 

2*67 

2*40 

! ' 2*42 

2*63 

2*05 


840-18 

840-17 

840-15 

840-9 

840-8 

840-16 

840-12 

840-19 

840-12 

840-18 


3-02 

2*63 

2*43 

2*69 

2*48 

2*44 

2*53 

2*18 

2*78 

2*63 


838-2 

838-6 

839-10 

838-2 

838-3 

: 838-1 

839-11 

839-3 

839-15 

839-3 


2*39 

2*20 

2*19 

2*36 

2*11 

1*88 

1*84 

2*13 

2*29 

2*37 


838-10 

838-16 

839-20 

838-10 

838-13 

838-13 

839-14 

839-19 

839-17 

839-8 


2*05 

2*13 

2*15 

2*45 

■■2*22 1 

2*60 i 

2*60 

2*37 

2*16 

1*95 

Malvi 

835-4 

836-14 

835-9 

835-5 

837-7 

835-1 1 

835-11 

837-1 

835-5 

^ 836-6 


2*64 

2*46 

2*45 

2*78 

2*56 ' 

2*81 

2*34 

2^7 

2*56 

2*85 


835-5 

836-20 

i 835-12 

835-16 

837-14 

835-11 

835-17 

837-6 

835-18 

836-10 


2*60 

2*56 

2*40 

2*77 

2*34 

2*50 

2*54 

2*67 

2*67 

2*43 

Cwn 520 X Malvi 

860-7 

856-11 

858-6 

855-2 

854-8 

852-3 

857-9 

851-6 

863-1 

859-4 


2*69 

2*56 

2*23 

2*73 

2*24 

2*81 

2*49 

2*67 

2*69 

2-60 


860-10 

856-13 

853-11 

855-8 

1 854-18 

852-9 

857-15 

851-14 

853-17 

859-9 


2*75 

2*39 

2*88 

2*20 

2*12 

2*77 

2*49 

2*52 

2*41 

2*71 

BanixMaIvi 

$62-6 

867-12 

866-11 

861-4 

869-8 

870-2 i 

868-4 

865-14 

863-14 

864-2 


2*14 

2*11 

2*60 

1*99 

2*64 

2*72 

2*78 

2*37 

2*20 

2*36 


862-9 

867-17 

866-13 

861-20 

869-18 

870-13 

868-16 

866-18 

863-19 

864-29 


2*35 

2*02 

2*39 

2*25 

2*22 

2*51 

2*39 

2*21 

2*56 

2*24 

Cwn 620 X Bani 

847-1 

849-17 

845-16 

842-5 

848-7 

850-5 

$41-2 

844-3 

846-7 

843-5 


2*04 

2*40 

2*58 

2*30 

2*62 

2*44 

2*56 

2*49 

2*19 

2*11 


847-11 

849-19 

845-19 

842-2$ 

848-19 

850-20 

841-13 

844-6 

846-8 

843-15 


2*40 

2*35 

2*49 

2*31 

2*31 

2*49 

2*36 

2*40 

2*50 

2*39 



: 




- 
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Table B 

Percentage of mature hairs 


Blocks 

Varieties 


11 

III 

IV 

V 

VI 

VII 

VIII 

^ IX 

X ■■■■'■ 

Own 520 . . 

840-12 

840-10 

840-7 

840-1 

840-3 


840-4 

840-7 

i 

545-3 : 

545-13 


80 

63 

67 

41 

72 

76 

75 

61 

74 " 

" 54 ■■ 


840-18 

840-17 

840-15 

840-9 

840-8 

840-16 

840-12 

840-19 

545-12 ! 

840-18 


79 

63 

62 

66 

70 

66 

71 

60 

77 1 

76 

Bani 

838-7 

838-6 

839-10 

838-9 


838-1 

839-11 

889-3 

535-15 1 

535-3 


78 

76 

78 

77 

74 

76 

49 

70 

81 

72 


838-10 

838-16 

839-20 

838-10 

838-13 

838-13 

839-14 

839-19 

535-17 

839-8 


[■ 74 

71 

69 

85 

77 

60 

68 

79 

80 1 

65 

Malvi ■ ; 

835-4 

836-14 

835-9 

835-5 \ 

«37-7 

835-1 

835-11 

53M 

535-5 

535-5 


69 

61 

68 

65 

79 

68 

60 

77 

72 

76 « 


835-5 

836-20 

835-12 

835-16 

837-14 

535-17 

835-17 

537-5 

835-18 

535-15 


67 

72 

58 

77 

71 

70 

69 

73 

67 

i , 65 

Own 520xMaM 

860-7 

856-11 

858-6 

855-2 

854-8 

852-3 

857-9 

851-6 

853-1 

555-4 


69 

66 

75 

74 

78 

78 

68 

74 

70 

71 


860-10 

856-13 

858-11 

855-8 


852-9 

857-15 

851-14 

853-17 

859-9 


60 

68 

69 

63 

68 

67 

72 

72 

70 

74 

Bani x Malvi 

862-6 

867-12 

866-11 

861-4 

869-8 

870-2 

868-4 

865-14 

863-14 

1 554-2 


71 

73 

71 

64 

75 

70 

72 

73 

70 

78 


862-9 

867-17 

866-13 

861-20 

869-18 

870-13 

868-16 

865-18 

553-15 

864-20 


76 

76 

72 

72 

67 

75 

67 

72 

74 

74 

Own 620 X Bani 

847-1 

849-17 

845-16 

842-5 

S43-7 

555-5 

841-2 

844-3 

545-7 

543-5 


64 

85 

84 

76 

87 

67 

86 

79 

69 

77 


847-11 

849-19 

845-19 

842-15 

848-19 

850-20 

841-13 

844-6 

545-5 

843-15 


78 

80 

80 

66 

68 

70 

70 

71 

80 

78 


Figures in italics indicate the progeny and plant number 

Table C 

Fibre-length {cm.) 


Blocks 

Varieties 

I 

II 

III 

IV 

V 

VI 

vn 

VIII 

IX 

X 

Own 620 . 

840-12 

1*62 

840-18 

1-60 

840-10 

1*74 

840-17 

1*77 

545-7 

1-68 

840-15 

1-71 

840-1 

1*60 

840-9 

1*72 

840-3 

1*68 

840-8 

1-64 

545-4 

1*75 

840-16 

1*68 

840-4 

1*79 

840-12 

1*80 

840-7 

1*77 

545-15 

1*74 

840-3 

1*71 

840-12 

1*74 

545-13 

1*72 

840-18 

1*76 

Bani . 

Malvi 

Own 620 X Malvi 

535-2 

2*10 

838-10 

2-08 

838-6 

2*06 

838-16 

2-19 

839-10 

2*14 

839-20 

2*06 

838-2 

2*09 

838-10 

2-06 

838-3 

2*06 

838-13 

2*04 

535-1 

2*17 

535-13 

2*04 

839-11 

1*94 

839-14 

1*98 

535-3 

2*03 

839-19 

1*99 

839-15 

2*14 

839-17 

1*96 

839-3 

2*07 

839-8 

2*08 

835-4 
1-78 ’ 
, 835-5 

1*66 

836-14 

1*71 

836-20 

1*81 

835-9 

1-82 

835-12 

1*69 

835-5 

1*72 

1 835-16 
1*81 

537-7 

1*87 

837-14 

1*91 

835-1 

1*76 

835-11 

1*86 

835-11 

1*88 

835-17 

1*84 

837-1 
1*89 
837-6 
! 1*90 

535-5 

1*76 

535-15 

1*85 

535-5 

1*73 

535-15 

1*76 

860-7 

1-67 

860-10 

1-69 

856-11 

1*74 

856-13 

1*88 

555-5 

1*92 

858-11 

1*70 

855-2 

1*80 

855-8 

1*87 

854-8 

1*91 

854-18 

1*89 

852-3 

1*79 

852-9 

1*82 

557-5 1 
1*83 ! 
859-15 
1*83 

551-5 
1*89 
! 851-14 
1*88 

553-1 
. 1*78 
553-17 
1*82 

859-4 
1*78 
555-5 
t 1*68 

Bani x Malvi . 

862-6 

1-94 

862-9 

1*97 

867-12 

2-00 

867-17 

2*13 

866-11 

2*03 

555-13 

2*01 

861-4 

1*99 

861-20 

2*00 

869-8 

2*05 

869-18 

2*01 

575-2 

1*89 

575-13 

2*01 

555-4 

2*09 

868-16 

2*02 

555-14 

2*00 

555-15 

2*15 

863-14 

2*08 

863-19 

1*91 

864-2 

2*07 

554-25 

2*00 

Own 520 X Bani 

847-1 

1*82 

847-11 

1*85 

849-17 

1*97 

849-19 

1-94 

845-16 

1*91 

845-19 

1-78 

842-5 

1*94 

842*15 

1-84 

848-7 

1*74 

848-19 

1*85 

850-5 

2*02 

850-20 

2*00 

541-2 

2*01 

541-13 

1*97 

544-3 

2*05 

544-5 

1*94 

846-7 

1*98 

545-5 

2*02 

843-5 

1*96 

843-15 

2*07 


li 




Figures in italics indicate tire progeny and plant number 
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I. Geneeal 

T he Hills of Kumaun division forming a part of the southern outer spurs 
of the Himalayas comprise three districts of the United Provinces — 
Almora, Garhwal and Naini Tal. Beginning from the snowy range, this 
division consists of a succession of ridges of decreasing heights southwardly. 
These hills contain very little level land. Cereal crops are cultivated on 
terraced hill slopes, particularly where factors such as height, situation and 
irrigation facilities are favourable. In addition to these crops, the suitability 
of some of the tracts for fruit cultivation has been established with the result 
that a very large number of fruit orchards have developed in recent years on 
commercial lines for temperate fruits like apples, pears, peaches, cherries, 
plums, strawberries, etc. No quantitative data are, however, available on 
the suitability of the different types of hiU soils for different fruit trees, 
nor are there any quantitative data correlating the soil conditions with the 
incidence of diseases and pests. The importance of knowing the soils 
intimately is felt all the more as, these hill soils being mostly primary in 
origin, a knowledge of the nature of the major soil-forming processes and 
development of the diverse soil types is a feature of fundamental importance 
to the fruit growers of these hills. 

In India, no systematic work on hill soils, specially from a pedogenic 
point of view, has been reported so far. The work reported by Maim [ 1933 ] 
on the tea soils of Assam hills was merely an analytical evaluation of those 
soils in regard to their crop-hearing capacity. The applied science of pedo- 
logy is still in its infancy in India. Credit must therefore go to Basu and 
Sirur [ 1938 ] for the first and the most systematic pedogenic study of the canal 
soils of Bombay. Pedological studie.s for the mountain soils in other countries 
too have not been at aU as numerous as for plain soils. Zokharov [ 1927 ] in his 

* The researches forming the subject matter of this publication, were carried out in 
the Soil Chemistry Section at (^aubattia (Kumaun) under the Hill Fruit Research 
Scheme financed by the Imperial Council of Agricultural Research (India). 

990 


STTTBIES ON KUMAUN HILT^ SOILS/I 99I 

remarkable treatise Bii pedology was the first to recognize the following four 
types of soil formations in the mountains : Mountain steppe, mountain forest, 
mountain meadow and mountain tundra soils. Mountain forest soils which 
are of interest to us were divided into four groups, depending on the colour of 
the soils. But analytical figures revealed that the differences were not funda- 
mental, and all the groups were podsolic. Various other investigations, not- 
ably by Neustruev [1915], Akimzey [1930] and Throp [1931], have dealt with 
the vertical zonality of the mountain soils as the counterpart of the horizontal 
zonality of the soils in the plains. Alpine soils discussed by Jenny [1930] fit 
in well with Zokh mountain meadow soils. Besides these, considerable 
information is available on the general nature of the mountain soils. 

The inyestigatm^^ reported by Jenny [1926], Vilenski [1930], Robinson 
and Wasowicz [1935], to name only a few, illustrate the development of moun- 
tain soils under varied conditions. Jenny [1926] has observed that 80 per 
cent of alpine soils developed on calcareous material are acidic. It is clear 
that although the general nature of hill soils is known, a detailed knowledge 
of the soil-forming processes and soil types under various topographical and 
geological conditions have not yet been thoroughly investigated. For instance 
it has been shown by Kellog [ 1936 ] that local soil variations may be consi- 
derable within the region of a particular soil zone in the plains, but this ques- 
tion has not however been investigated with reference to the hill Foils. 

In India and elsewhere hill soils have been studied in some detail from 
erosion point of view. But in most cases these investigations have been 
directed to elucidate the relationship between erodibility and forest vegeta- 
tion. It is only in the U. S. A. that attempts are being made to study soil 
profiles in their relation to erodibility. In India considerable work, particu- 
larly in connection with afforestation policy and controlled grazing [Gorrie, 
1937], has been done in the hills, but the nature of hill soils from the point of 
view of erodibility has nowhere been investigated. The observations made 
in the U. S. A. by Bennett [1926], Middleton [1932], Baver [1933], Lutz [1934] 
and Bouyoucos [1935] make it .clear that the soil properties, such as structure, 
texture, plasticity, etc. are directly responsible for the high erodibility of some 
soils ; whereas Lowdermilk [1930] and Miller [1931] associate erodibility with 
definite soil types. The advantage of terracing hill slopes to decrease run-off 
and conserve soil moisture [Ramser, 1933] have been indicated ; but whether 
topographically immature hill soils, particularly those situated along steep 
slopes, can be profitably utilized by terracing have not been thoroughly 
investigated. 

To elucidate these points a detailed soil survey of the Government Orchard 
at Ghaubattia was thouglit to be highly desirable. Accordingly a scheme of 
survey was taken up about six years ago with the double object of : 

(i) Studying the relationship between soil conditions and differential 
behaviour of various fruit trees, stock and varieties with a view 
to be able to advise with confidence the commercial orchardists 
of Kumaun on the planting of new orchards, or, if necessary, 
relaying of old orchards ; and {ii) ascertaining whether there is 
any clear-cut relationship between soil conditions and the 
■ incidence of diseases and pests. 





992 THE INDIAN JOURNAL OF AGRICULTURAL SCIENCE [X 

The present contribution aims at recording the formation of soils at 
Chaubattia under unterraced natural conditions. Chaubattia is situated at 
29|° N. Latitude and 79|° E. Longitude and the height above sea-level varies 
from 6,100 ft. to 6,900 ft. The soils studied lie on the northern face of the 
Chaubattia hills overlooking the distant perpetual snow-topped Himalayan 
ranges of Nanda Devi, Trisul and Nanda Kud. 


Table I 

Monthly weather record at Chaubattia 



Temperature (®F.) 



Month 

Maximum 

Minimum 

Humidity per 
. cent at'. 

8 AM. 

Bainfall 

(in.) 

January 

49-35 

37*42 

87 

4*64 

February 

50-56 

37-32 

83 

3-66 

March 

65*25 

49*58 

55 

0-08 

April 

74*18 

56*83 

49 

0-08 

May 

76*90 

70-22 

69 

1*82 

June 

72*88 ! 

61*00 

81 

11-40 

July 

71-52 

62*00 

98 

19-38 

August 

72*13 

61*42 

95 

14-50 

September 

73-00 

58*76 

91 

1*22 

October 

68-96 

53-28 

76 

0*40 

November 

59*30 

■ 42-57 

76 

• • 

December 

59*34 

42-90 

79 



i 

Total annual rainfall 

67-08 


History of Chaubattia 

The Government Orchard at Chaubattia was started in the year 1870 
with about 40 acres of land given to the growing of temperate fruits. Sub- 
sequently more lands were brought under cultivation and at present it consists 
of a cultivated area of 100 acres. The hill slopes for the greater part of the 
orchard have been terraced. Contour planting has been done in certain parts 
of the orchard after clearing the forest lands about the year 1924. The present 
contribution deals with this part of the orchard, where pedogenic processes 
have not been distorted by terracing operations. These slopes are always 
under grasses, and fruit cultivation is done by contour planting. 
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Table II 

Soil temperature — monthly averages {soil type — brownish loam) 


Montli 

Temperature (°C.) 

■ , ■ . ■ ■ . ■ . ■ 

4 in. depth 

6 in. depth | 

1 

i 

12 in. depth 

J anuary 

4-52 

1 

6-38 

6*77 

February 

4*70 

5*56 

6*67 

March 

10-75 

11*65 

12*31 

April 

16*65 

17*45 

18*01 

May 

13*05 

20*20 

21-06 

June 1 

19*04 

19*73 

20*69 

July 

16*14 

19*83 

20*33 

August 

19*48 

20*00 

20*50 

September 

18*13 

18*87 

20*28 

October 

14*98 

16*02 

18*20 

November 

9*68 

10*73 

13*20 

December 

7*58 

8*15 

10*41 


Climate 

No systematic meteorological records of Chaubattia are available prior 
to the year 1935. The records of maximum and minimum temperatures, 
humidity and rainfall for 1938, supposed to be one of the normal years, are 
given in Table I. Winter rains, accompanied sometimes with snow, are usually 
confined to the months of January and February. There are about two to 
three snow-falls every year and in some years rains start early in the month 
of December. The months of March, April, May, October and November are 
usually rainless, Chota barsat (local rainfall) in May heralds the advent of 
monsoon a month earlier, and July and August are the wettest months in the 
year. It is usual to find frost every morning from November till the middle 
of February, and in shady places a thick matting of this remains throughout 
the winter months. The maximum temperature of 85°F. is recorded in the 
month of May with a minimum temperature of 23°F. in the m onth of January. 
There are two rises every year in maximum temperatures. The highest rise 
is recorded before the monsoon and the second rise takes place after this 
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sometime in September. There are similarly two rises in soil temperatures 
before and after the monsoon. 

During the monsoon, although the temperature of the sub-soil at a depth 
of one foot remains fairly constant, the surface soil experiences some minor 
fluctuations. With the advent of frost in the month of November the soil 
temperature goes down considerably and snow and rain keep the temperature 
at a low level till the end of February. The trend of the average soil tempera- 
tures at different depths will be clear from Table II. 

Grass vegetation along hill slopes gets fully , established after the light 
shower {chota barsat) in May and consequently the worst effect of heavy mon- 
soonic downpour in July and August, sometimes 6 in. in a single day, are 
partly counteracted. This natural agency is not to a small degree responsible 
for the preservation of soil in these hill slopes in spite of intensive land utiliza- 
tion practices. But along steep slopes extremely deep erosion gullies have 
been formed on account of the indiscriminate destruction of forests for agricul- 
tural purposes. The southern slopes of these hills are on the average warmer, 
where some of the typical tropical plants like mangoes, guavas, etc. are 
grown with success. 

Vegetation 

The forest vegetation of the locality chieffy consists of different species of 
Quercus (oaks) and Pinus longifolia. The oak prefers a humid locality of 
undulating type, not very steep, while the pine thrives best in dry localities 
and grows even on mantle rock surfaces. Among the minor forest arboreal 
flora, mention may be made of the following : Rhododendron arboreum 
(Smith), Pieris ovallfoUa (Don.), Myrica sapids, Pyrus pashia (B.Ham.), Primus 
puddim (Roxb.), Aesoulm hippooastanmn, Cedrus deodara and Gupressus sp. 

The undergrowth which is mostly confined to oak forest mainly consists 
of different species of the following genera : — Rhubus, Cratagus, Herberis 
Daphne, Rosa moschata (Mill), Indigo-fem, Vibermim and Myrsine africana L. 
There is very little, if any, undergrowth of importance under pine forest. 
Probably this is the reason for the local belief that an ideal site for an orchard 
is the locality where oak predominates and the site of a pine fores should be 
avoided as far as possible. It has been found that the depth of soil in a x)re- 
dominantly pine forest hardly reaches a foot, whereas browai and podsolic 
soil formations are usually met with in the oak forests. 

The grasses and weeds met with in cleared forest lands belong to the 
following groups : — Imperata cylindrica, Oe-nothera biennis, Oenothera rosea 
(Sim.), Oxalis sp., Imperata arundinacea (Cyrill), Paspalum sp., Andropogon con- 
tortus L., Getraria glauca (bean), Ranunculus diffusus (in the valleys), Andro- 
pogon myoranthus (Kuth), Arundinella setosa (Trin.), Anthistriia anathera 
(Nees). 

It is interesting to note how each of these different species occurs under 
different soil conditions,. Saccharum spontaneum {kans) and Imperata cylin- 
drica (siroo) usually prefer a soil containing little or no organic matter and with 
very loose sub-soil consistency. Therefore they are mostly found growing 
on ridges and seldom in lowlands. On the other hand, Rhubus, Ranunculus, 
Ophiopogon, Pteris (Bracken), Remwardtis, Berheris and Polygonum prefer 
organic moist soils and shady places. 
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There are two main soil-forming rocks of importance in this locality, yiz. 
garnetiferous biotite -schist and weathered granite gneiss*. Although on 
an average the analytical figures for these two types of rocks are not very 
different, the nature of the overlying soils, formed under more or less identical 
condition, is very dissimilar. Under the local conditions biotite as a parent 
material invariably produces heavier-textured soils than granite gneiss; 
the former is by far more easily influenced by soil genetic processes, as is 
evident from the fact that in the zones where both of these rocks occur together 
biotite appears to be considerably more disintegrated than granite. The 
weathered product of the former is sticky and brown, whereas that of granite 
is sandy, and yellowish brown, when wet and white when dry. 

Garnetiferuous biotite schists form the parent material of the greater 
part of Chaubattia Orchard. At some places both biotite and granite appear 
to be present intimately mixed with each other. Biotite-muscovite-quartz 
schist, however appears to be present at a few places in the orchard. Thus 
generally the soils might be taken to have been formed frc^m igneous rocks. 


II. Methods and pkocedxjee 

A thorough survey of the Government Orchard at Chaubattia at points 
100 ft. apart, both along and across the slopes, has been carried out. The 
present contribution deals with only unterraced soils and the results of the 
studies made in terraced soils will form the subject matter of a subsequent 
contribution. Pits were dug at the corresponding points of horizontal and 
vertical cross-lattices of the orchard map at regular distances of 100 ft. 
These pits were sufficiently broad for an observer to go inside and note horizon 
characteristics and each of the pits was dug up to the decomposing parent 
rock or up to impervious clay pan in typically clay profiles. In some cases, 
the clay pans were cut through ; underlying the clay pan, it is usual to find the 
parent rock at different stages of decomposition. In one case, forming a pocket * 
between two ridges, it was found that the clay pan had a depth of about 
6 ft. 

Observations in regard to the characteristics of each horizon, particularly 
colour, texture, structure, depth and hardness, were made in situ, and repre- 
sentative samples were obtained from each horizon for laboratory study. 
Owing mainly to their positions along the slopes, the soils under field condi- 
tions were found to have different moisture contents and, therefore, it was 
felt desirable to supplement these field observations with similar observations 
made in the laboratory under uniform and controlled conditions. The soil 
samples were, therefore, air-dried and studied under air-dried and moisture- 
saturated conditions. This undoubtedly afforded a fuller knowledge of the 
horizons than that based on observations in the field alone. So far we have 
examined 1224 horizon soils arising out of a total of 405 profiles. The 
complete mechanical, chemical, and physico-chemical analyses of such a 
large number of soils being out of the question, attempt 'was made to classify- 
the soils according to their visual and textural characteristics. Accor- 
dingly all the above-mentioned 1224 soils were classified into groups 




* Geological Survey of India — ^private communication. 
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depending on the following principal soil characteristics and their com- 
binations : — 

(1) Presence of micaceous sand 

(2) Presence of quartzose sand 

(3) Clay content and texture 

(4) Colour 

Each sample was analysed for : — 

(а) Mechanical : coarse sand, fine sand, silt and clay. 

( б ) Chemical ; SiOa, AI 2 O 3 , FegOg, MgO, CaO, moisture, loss on igni- 

tion, nitrogen, organic carbon, and 

(c) Physico-chemical : pH and exchange acidity. 

A large number of these samples were analysed for total PjOj which was 
invariab'y found to be very low. In no case the amount of P 2 OS present ex- 
ceeded 0*05 per cent. Hence, the P^Og content of these soils has not been 
included in the calculation of RgOa figures. In some cases the clay fraction 

has been analysed for SiOj, AljOj and EejOg. 

An-alttioaIi methods 

Two-millimetre samples were used for both mechanical and chemical 
analyses. Hydrochloric acid extract was prepared according to the directions 
of the British Agricultural Education Association [Wright, 1934]. Lime and 
magnesia were estimated volumetrically and the former was precipitated in 
acetic acid medium. For the estimation of nitrogen, KjeldahFs method was 
followed after pre-treating the soils with water as suggested by Bal [1925]. 
The quinhydrone electrode method was adopted for the determination of pH 
values. Exchangeable acidity was determined by Happens [1927] method. 
Organic carbon was estimated by Walkley and Black [1934] method with 
chromic acid. Clay fraction was dispersed by International method, and 
sjphonei off to 8- 6 cm. depth after 24 hours. Coagulation was effected by 
calcium chloride. The samples were analysed by usual fusion method for 
the determination of silica. 

The analytical data only in regard to complete profiles are detailed in 
Tables Ill-Xil. 

III. Data and discussion 

» From the data obtained it is obvious that a large number of soils of the 
• orchard according to expectation shows primary characteristics and forms fous 
distinct genetic types, viz. ( 1 ) Red loams, (2) Brown forest soils, (3) Podsol- 
and (4) Wiesenboden or meadow soils, .\lthough, as has already been men 
tioned, all of these soils arise out of two parent rocks, yet their development 
into clear-cut genetic types is presumably due to differences in topographical 
conditions and weathering processes— chemical, physical and biochemical. 
Of course, instances of variations within each of the soil types are somewhat 
numerous. The atmospheric climate of the locality is within limits uniform, 
but it is clear that the soil climate will be different according to the topograph- 
ical conditions, i.e. the slope gradient, situation and vegetation. It is, 
therefore, considered desirable to present the data separately for each of the 
genetic types enumerated above. 
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Bed loams 

Three profiles under this group have been examined in detail and the 
visual characteristics have been studied for 20 more profiles. The visual 
characteristics of the horizons constituting each of these three typical profiles 
are briefly given below ; — 


Visual e^aracteristics of red loam profiles 


' ; , i 

profile No, 

Depth of 
horizon 

Horizon 

Description 

$ R 5 ' . 

0—1 ft. 

A 

Grey ; micaceous ; organic ; loamy soil. 
Reddish when wet. 


1 ft.— 3 ft. 

B 

Sandy; greyish yellow; micaceous soil. 
More yellow when wet. 


3 ft.— 4 ft. 

C 

Sandy ; ash grey ; very light ; structureless 
soil. No change when wet. 

14 R 6 

0—6 in. . 

A 

Brownish grey ; slightly organic ; loamy soil 
with plenty of undecomposed organic 
matter. Darkens slightly in colour when 
wet. 


6 in. — 1 ft. 8 in. 

B 

Loamy ; reddish brown soil containing little 
humus. Deep red brown when wet. 


1 ft. 8 in.— 3 ft. 

9 in. 


Loamy sand, yellowish brown soil. More 
yellow when wet. 


3 ft. 9 in.— 6 ft. 

C 

Loamy ; ash grey ; slightly micaceous soil 
of hydrogenic nature. More green when 
wet. 

X 13 Y 33 . 

0 — 6 in. . 

A 

Granular ; grey ; loamy ; when wet reddish 
grey ; contains stones and undecomposed 
organic matter. 


6 in. — 10 in. . 

B 

Yellowish; micaceous; loamy; when wet 
reddish yellow. Contains stones (mica). 


10 in.— 2 ft. 

C 

Micaceous sandy loam ; yellowish ; more 
yellow when wet. 


The analytical data for each of these profiles are given in Tables III and 
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Analytical results of red loams 
{Analysis of 2 


{mechanical determinations) 
mm, sample) 


Nam© of 
profile 

1 

, Depth ' 1 

Coarse 

sand 

(per cent) 

Fine sand 

(per cent) 

Silt 

(per cent) 

1 

Clay ■ 

(per cent) 

Exchange ' 
m. e.' 
(per cent) 

13 R 5 ' 

0—1 ft. . . 

19*40 

41*43 

18-63 

16-60 

0-088 


1ft.— 3 ft. . 

19-63 

68-09 

7-37 

6-68 

0-36 


3 ft.— 4 ft. 

21-6 

62-8 

9-9 

6*6 

0-88 

14 R 6 

0 — 6 in. , . 1 

17-03 

31*55 

27-45 

20-68 

0-18 


6 in. — 1 ft. 8 in. 

16-78 

31-57 

28-80 

23-48 

3*76 


1 ft. S in.— 3 ft. 

9 in. 

40*89 

38*42 

11-40 

9-66 

4-28 


3 ft. 9 in.— 5 ft. 

28-7 

34-6 

19-6 

17-6 

8-13 

X 13 Y 33; 

0— -“6 in. • . 

1 13-42 

31-29 

31-65 

16-66 

*• 


6 in. — 10 in. . 

28-26 

36-41 

18-30 

13-60 

0-088 


10 in.— 2 ft. . 

29-96 

1 

40*27 

13-65 

12-76 

1-40 


From the results it is evident that these red loams represent the inter- 
mediate stage between Jateritic and podsolic developments. Although the 
analytical figures show eluviation of silica relative to sesquioxides which 
indicates a lateritic tendency, yet considerable accumulation of organic matter 
in the A-horizons coupled with the acidity of the soil and humid, temperate 
climate tends to make the soil podsolic. On a joint consideration, therefore, 
of the sesquioxides in the different horizons and the comparatively low organic 
matter content in the sub-soils, it becomes apparent that these soil types be- 
long to recognised red loams— intermediate between podsolic and lateritic 
formations. The bases, particularly silica, are relatively poor in the surface 
soils and seem to have been leached down to the lower horizons as against 
sesquioxides that decrease downwards. The position with regard to lime and 
magnesia is slightly different. The grass vegetation brings up some of the 
leached bases from lower horizons, and whatever escapes this natural enriching 
process, is washed away from the profile as a whole. The high C/N ratio in 
the A-horizons is partly due to undecomposed organic matter. 

These profiles which lie mostly along slopes of hills or along ridges are 
generally sandy in nature. The soils, owing to the open sub-soil texture, allow 
free drainage and it is usual to find them dry in a few hours after a heavy rain- 
fall. The oxidation of organic matter under these conditions is very pro- 
nounced. On analysis the surface soils are found to contain a fairly high 
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percentage of organic matter ; but the fact that, on moistening, the soils assum 
a somewhat reddish grey colour instead of dark grey shows that the humus 
has undergone considerable mineralization. As regards FcgO it may be 
concluded that in the sub-soils , locah conditions favour a higher de^ee of 
hydration than that in the surface horizon — the colour of the sub-soil being 
brownish yellow whereas that of the top-soils is reddish grey. 

The soils of this nature are, however, not very common under the condi- 
tions of the locality, and they occur at places which receive maximum solar 
radiation and are always dry owing to their situation on the ridges of slopes. 

In the International classification of soils the position of red loam is not 
clearly defined. Harrassowitz [1930] pointed out that red and yellow loams 
are related soil types. Marbut [1928] has observed that yellow colour is found 
only in sandy profiles, whereas profiles having heavy texture are red or 
reddish. The data from the U. S. Bureau of Soils on red and yellow soils [Joife, 
1936] definitely show podsolie tendencies. The soils studied by us more or 
less resemble these red and yellow Soils encountered , in the United States of 
America. At the present stage of knowledge it is not, however, desirable to 
separate red and yellow loams into different groups [Robinson, 1932]. The 
yellow soils studied by us have, therefore, been classified as red loams. 

The trend of the changes in the insoluble residue of HGl-extract and 
sesquioxides with depth indicates that these soils have certain red loam charac- 
teristics, whereas the nature of the variations in the value and exchange- 
able acidity tends to favour the classification of these as brown earths. It is 
thus apparent that soils similar to these form border-line cases between red 
loams and brown earths. 


Seventeen profiles under this group have been analysed in detail and 
visual characters studied for 200 more profiles. The visual characteristics 
of the horizons constituting each of five typical profiles are given below :-— 

V isual characters of grey brown forest soils 


#, 

Description 


X6y20 


X7 Y22 
{Plate XLV, 

% 1 } i 




Deep grey ; highly organic ; finely granular 
clayey soil containing plenty of roots. 
Darkens when wet. 


Beown foeest soils 


Depth 


0 — 8 in. . 


Granular ; brownish grey ; clayey ; organic 
soil containing nndecomposed organic 
matter. Darkens when wet. 


Profile Xo. 


Horizon 


Brownish ; loam with mica bits. More 
brown when wet. 


1 ft. 7 in— 3 ft. 
1 in. 


Sandy loam ; brownish ; micaceous ; stony 
soil. More brown when wet. 


8 in.* 


1 ft. 7 in. 
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V%sual cTmracters of grey brown forest soils— contd. 


Profile No. 

Horizon 

Depth 

Description 

X7Y22 
(Plate XLV, 
fig- 1) 

: B 

1 ft.— 2 ft. 6 in. 

Brownish; clayey; micaceous; slightly or- 
game soils with roots. Dark brown when 
wet. 


0 

2 ft. 6 in. — 3 ft. 
10 in. 

Lo^ ; yellowish soil containing mica bits. 
■Brownish when wet. 

X16 Y8 

A 

0 — 8 in. . 

Brownish grey ; granular; slightly organic ; 
clayey soil. Dark brownish grey when 
wet. 


B 

8 in.— 2 ft. 

Brownish clayey soil. More brown when 
wet. 


G 

2 ft.— 4 ft. 

Sandy loam; brownish; micaceous; stony 
soil. More brown when wet. 

X14 Y23 

A 

0 — -5 in. . 

Organic ; grammar ; micaceous ; dark grey, 
containing mica. Darker when wet. Con- 
tains undecomposed organic matter. 


B 

5 in.— 8 in. 

Brownish yellow— mostly rock material- 
loamy soil. More brown when wet. 


0 

8 in. — 2 ft. 6 in. 

Yellow decomposing rock material mostly 
mica. Deep yellow when wet. 

X25 Y19 

A 

0—1 ft. . 

Granular, dark grey, darker when wet. 
Contains roots and charcoal. 


B ■ 

1 ft.— 1 ft. 8 in. 

YeUowish, granular, clay, contains sand. A 
little grey when wet. 


Ba+C 

1 ft. 8 in— 3 ft. 
11 in. 

Hard clay, whitish grey, contains bluish 
hard mass at places, whitish incrustations, 
reddens a little when wet. 




VI. 


The analytical figures for the ahove profiles are giyen in Tables V and 
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Table VI 


Analytical results of brown forest soils {mechanical determinations) 


{Analysis of 2 mm. sample) 


Hame of 
profile 

Depth 

Coarse j 
sand 

(per cent) 

Fine sand 

(per cent) 

Silt 

(per cent) 

Clay 

(per cent 

Exchange 
H.m. e, 

per cent) ' . 

X5 Y20 

0 — 8 in . , 

4 ’58 

35*82 

31*25 

21*76 

0*18 


8 in. — 1 ft, 7 in. 

2’88 

43*43 

31*03 

19-70 

0-26 


1 ft. 7 in.— 3 ft. 

1 in. 

15*98 

52*30 

18*30 

11*86 

0*35 

X7 Y22 

0—1 ft. . 

4*61 

37*14 

26*16 

20*76 

0*35 


1 ft.— 2 ft. 6 in. 

7-34 

36*25 

28*00 

23*86 

3*33 

■ 


2 ft. 6 in— 3 ft. 

11*36 

51-39 

21*85 

14*15 

2*71 

16 B 8 

0 — 8 in. . 

4*89 

26*48 

37*10 

27*65 

7*25 


8 in. — 2 ft. 

4*24 

27*57 

38*30 

29*50 

6*56 


2 ft.— 4 ft. 

33*84 

43*70 

7*90 

16*60 

3*24 

X14 Y 23 

i 0 — 5 in. . 

15-52 

30*11 

26*25 

16*40 ! 



5 in. — 8 ia. 

24-83 

36*55 

15*86 

16*40 

0*044 


8 in. — 2 ft. 6 in. 

30,-72 

43*21 

13*70 

11*0 

*■• 

X25 Y19 

0— I ft. . . 

1*05 

22-48 

39*10 

23*10 



1 ft. — 1 ft. 8 in. 

0*82 

28-60 

42*30 

23*35 

,■ .. . ■' 


1 ft. 8 in.— 3 ft. 
11 in. 

1 1*00 

31-63 

36*95 

27*05 

* • 


These soils possess characteristics which are essentially similar to those 
identified as ‘ Braunerde ’ of Ramann. Although varying only m texture, 
the majority of the soils so far studied at Chaubattia possess the characteris- 
tics of this group. , . . _ - 

The zone of accumulation of organic debris or jungle litter, i.e. A^, -horizon 
is usually absent, which is due to absence of forest cover and mtense surface 
erosion. The first surface layer of soil is, therefore, rich m toified matter 
and reaches a depth of about a foot. It is usual to find most of the plant roots 
crowding in. this horizon, the structure of the sofi aggregates is usually ^anulax. 
This horizon is always extremely acid. The highest quantity of hme m loamy 
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or sandy loam profiles is associated with the surface organic layer. The con- 
tents of magnesia in this horizon are usually lower than that in the next horizon. 

The pre-eminent character of the second horizon is its distinctly brownish 
colour. In most roadside cuttings one cannot mistake this layer extending in a 
tongue-like fashion into the third horizon. In loamy soil, therefore, this is the 
first zone of accumulation of sesquioxides, particularly iron, which is apparent- 
ly the reason of the striking colour of this horizon. The soils of this horizon 
are more acid than those of the preceding horizon and have lower content 
of organic matter and lime. This horizon in most cases shows the highest 
amount of magnesia. The aggregates are some times granular, but more 
often are structureless. The position of profiles along the slopes determines 
the textural character of this horizon. In mild slopes it has a lighter texture 
than the one preceding it (viz. X5Y20) ; but at the bottom of slopes or 
pockets of hiUs this horizon shows a graiiular structure and heavier texture ; 
but the brown colour of the horizon under all conditions is very apparent. 

The third horizon shows different characteristics depending on the posi- 
tion of the profile along the slopes. On steep slopes of about 45° or more this 
horizon is usually yellow and sandy, turning slightly brown when wet. It is 
usual to find feeder roots invariably avoiding this horizon. The soil in this 

case is structureless and sandy. 

In sesquioxides and lime this horizon is the poorest. On account of the rich- 
ness of the parent rook in magnesia, the latter in the case of some profiles 
is found in higher quantity in this horizon, e.g. X7 Y22. In the case of those 
profiles which are situated along slopes of less than 46° this horizon shows a 
heavier texture, and is more brownish yeUow in colour with sometimes dark 
bluish incrustations, e.g. X25 Y19. In the pockets of hills or at the bottom of 
slopes, owing probably to impeded subsoil drainage, this horizon shows rock- 
like consistency. The structural aggregates in the latter case are angular. 
The soil material synthetically is a mixture of infiltered clay and decomposing 
parent material. In relative chemical attributes this horizon is not very 
different from the usual C-horizons of the loamy grey brown profiles. 

The pan formation in the case of brown soils takes place in the pockets 
of which are the only places where drainage takes place vertically. At 
other places it is usual to expect the subsoil-drainage flow parallel to the sur- 
face of the bed rook or surface soil. Along steep slopes translocation of mate- 
rial takes place parallel to the surface and this might be the reason why on 
steep slopes we do not meet with pan formation while this is invariably present 
at the bottom of slopes, or along slopes having about 20° inclination. 

The above characteristics of the brown forest soils studied by us are not 
strictly analogous to those of the types described by B^amann [ 1928 ] to which 
the universal name ‘ Braunerde of Ramann ’ is given. The latter have nor- 
mally a neutral or slightly alkaline reaction, and hence the humus bodies are 
not found under dispersed condition. Glinka [1928 ] considered These soils 
as a variety in the podsol zone formed on parent material rich in lime. 

Tamm [1930] however has recognised two sub-types of brown soils in 
Southern Sweden and has divided them into climatic and acclimatic types. 
The former type of formation develops on parent material poor in lime, 
whereas the latter forms on calcareous material. Mitchell and Muir [ 1935 ] 
have adduced evidence showing that brown soils of England do not show the 
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characteristics iisuaEy associated with brown soils of Raiiiaiiii, That the 
brown forest soils have been developed under podsolio conditions have been 
recognised by all the authors cited. Besides Raniann has recognised that 
‘ In no other formations does the parent rock exercise such a great influenee 
as in brown earths’ . The brown soils studied by us therefore can be con- 
sidered as a sub-type of brown forest soils formed from acid igneous rock 
having analogous development in Miami and Russell series. Baldwin [1928], 
has analysed some of these brown soils which appear to have the same general 
characteristics as our soils. 

For elucidating more fully the pedogenic processes undergoing in these 
soils, it was considered desirable to analyse the clay fraction alone for SiOg, 
AI 2 O 3 and FegOg. The results for two typical pi’ofiles are given in Table 
VII. 


Table VII 


Analysis of clay fraction — brown forest soils 


Profile 

Depths 

Horizon 

{ 

1 

SiOa 

[per cent) 

(per cent) i 

AlgOg 

(per cent) 

1 

SiO, j 
AlgO^ i 

1 

1 

i 

SiOa 

R 203 

X5 Y20 

0 — 8 in. 

A 

41-91 

15-41 

22-09 

■1 

3-22 

' ■ 2-22 


8 in. — 1 ffc. 7 in. ! 

B 

44-12 

15-41 

18*94 

3-95 ’ 

2-60 


1 ft. 7 in.— 3 ft. 

1 in. 

i 0 

1 

44-27 

j 

15-17 

1 

i 

I 17*03 

1 ! 

4-41 

' '' ' "'i 

2-81 

1 , 

r 

X7 Y22 

0—1 ft. 

A 

44-40 

1 

11-58 

25-02 

I : ■ 

3-01 

i 

2*34 


1 ft.— 2 ft. 

6 in. 

B 

42-28 

12-78 

26-82 

2-67 

2-11 


2 ft. 6 in.— 3 ft. 
10 in. 

C 

43-06 

11-98 

25-72 

2*84 

2-29 


The data given in Table VII clearly indicate that there is no marked eluvia- 
tion of sesqaioWes or silica in these profiles— a characteristic which is typical 
of continental brown forest soils. Further the silica-alumina ratio as well 
as the silica-sesquioxide ratio show that within limits the consistency of the 
clay complex is the same throughout the profile. 

PODSOLS 

Twelve profiles showing the characteristics of podsolio development have 
been analysed in detail and visual characters have been studied for 50 more 
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profiles. The visual characters of the horizons constituting each of s 
profiles are given below : 


Visual characters of podsolic profiles 


Profile Nos, 


Horizon 


Depths 


Characters 


Dark grey ; clayey ; finely granular 
soil containing roots; darkens i 

when wet. 


Yellowish brown; sandy 
More brown when wet. 

Brownish clayey ; slighl 
More brown when wet. 
have dark bean-shaped 


ark grey ; coarsely granular ; clavev soil 
More dark when wet. 


indy ; micaceous ; stoney ; yellowish hori- 
zon containing some undecomposed rock. 
More brown when wet. 


Brownish ; clayey ; micaceous 
More brown when wet. 


t. . Greyish brown clayey. More brown when 

wet. Granular. 

•2 ft. 8 in. j Clayey ; brownisli soil. More brown when 
wet. 


Reddish brown. Sandy micaceous soil. 
Deep brown colour when wet. 

Clayey ; greyish brown soil. More brown 
when wot. 


Dark grey ; granular ; loam with some unde- 
composed organic matter. More dark 
when wet. 

Brownish grey ; heavy loam. Slightly dark 
when wet. 

Brownish yellow ; loam ; lighter than above. 
More yellow when wet. 

Hard, lumpy, brown pan with white cemen- 
tation and dark incrustations. More 
brown when wet . 





STUDIES ON KUMAUN HILL SOILS, I 
Viswil dutiTdct&ts of podsoHc pi'ofiles — contd. 


The complete chemical analysis and mechanical compositions of the above 
profiles are given in Tables VIII and IX. 

This type of development is met with under mild slope gradients, and in 
the pockets of hills and ridges, and in the shady places of the orchard. The 
surface erosion due to the particular topography is not as intense as in grey 
brown forest soils. Although there is considerable accumulation of organic 
matter from the decomposing leaves and grasses, the surface soil does not 
tend to be peaty. The horizon differentiation is very clear in all cases. 

The first horizon contains a soil rich in humus in a dispersed condition 
which gives the soil a granular structure. As expected, the maximum crowd- 
ing of the plant roots is found in this horizon. The colour of the soil shades 
from dark grey to brownish grey. The soil is mostly clayey which is not 
much indurated owing to the presence of humus. Depending upon the posi- 
tion of the profile along slopes this horizon sometimes shows a sub-horizon 
(e.g. 9SI, and 8R6) and the total depth of 3 ft. is recorded for such hori- 
zons. Sub-horizons indicated above show the characteristics of the B-hori- 
zon of the brown forest soils, namely alluvial additions of colloidal matter 
and sesquioxides from the preceding horizons. 


Profile Nos . 

Horizon 

Depths 

Characters 

Mixed No. 4 
(Plate XLV, 

A 

2 in. . 

2 in.^ — 8 in. 

Granular, with brown markings, loamy ; 
dark grey when wet. 

Soil same as above mixed with some stones 
and single-grain sand. 


By 

8 in.— 1 ft. 6 in. 

Whitish brown with sandy cementation ; 
dark and brown incrustations loam. More 
brown when wet. 


B. 

1 ft. 5 in. and 
below 

Dark grey, angular, clayey hard soil with 
black incrustations. More dark in colour 
when wet. 

9 R 4 J 

Ai 

0—1 ft. . . 

Greyish brown; granular; organic loam. 
More dark when wet. 


Ag 

1 ft . — 4 ft. 10 in. 

Granular ; greyish brown ; slightly mica- 
ceous ; loam. Slightly darker when wet. 



4 ft. 10 in.— 6 ft. 
10 in. 

Dark grey ; heavy loam ; more dark when 
wet. 


B2 

6 ft. 10 in .-— 7 ft. 
10 in. 

Brownish grey ; heavy loam ; more dark 
when wet. 


B3+C 

7 ft. 10 in. and 
below 

: , i 

Beddish brown ; hard clay pan, with whitish 
cementations and dark incrustations. More 
red when wet. 
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Table IX 

3£€ch(W/iccil dTitdysis of joodsolic pTofUBS 
{Analyds of 2 mm. sample) 


Name of profile 

Depth 

Coarse 

Fine 

Silt 

Clay 

Exchange 

H4- 



sand 

sand 


m.e. 

X8 Y25 

0 — 7 in. 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

6*42 

32 -13 

33 05 

24-20 

0-088 


7 in— 2 ft. 

12-42 

40 -IS 

25*20 

18-60 

1-75 


2 ft — 3 ft. 2 in. 

8-46 

32-70 

25-00 

30-90 

2*27 

,X7Y20^ 

3 in. 

6-14 

31-80 

30-45 

23-20 

. .. 


1 ft. 3 in.— 2 ft. 

13-55 

47-93 

21-05 

1 15-50 



4 in. 






2 ft. 4 in.— 3 ft. 

. • 

30-48 

26-60 

22-45 

0-18 


10 in. 





9ST 

0—1 ft. 

4-12 

23-68 

40*22 

25-88 

0-088 


I ft.— 2 ft. 8 in. 

1-83 

23-50 

39 -IS 

31-66 

3-68 


2 ft. 8 in.— 3 ft. 

19-28 

49-61 

14-30 

18-40 

2-98 


6in. 






3 ft. 6 in.— 4 ft. 

8-18 

29-31 

32-82 

28-98 

0-33 


6 in. 






8R5 

0—1 ft. 2 in. 

3-38 

24-66 

39-80 1 

29-36 

2-62 


1 ft. 2 ia. — 2 ft. 

3*70 

21-33 

40-50 

34-76 

2-45 


6 in . 

2 ft. 6 in. — 3 ft. 

3-98 

24-9 

43-30 

28-60 

2-50 

-- 

4 in. 

3 ft. 4 in. — 6 ft. 

0-57 

21-81 

43-75 

32-86 

1-66 

Mixed No. 4 

0"^ — 2 in. 

2-83 

22-09 

30-76 

26-40 

Tr^e' 


2 in. — 8 in. 

5-94 

29-53 

33 -IS 

22-60 

0-525 


8 in. — 1 ft. 5 in. 

2-28 

28-48 

40-40 

24-15 

Trace 


1 ft. 5 in. and 
below. 

0-31 

20-98 

40-75 

30-75 

Trace 

9R4 

0— 1ft. 

3-03 

21-9 

40-8 

27*7 

0-26 


1 ft.— 4 ft. 10 in. 

5-34 

24-7 

39-2 

28-6 

4-2 


4 ft. 10 in. — 6 ft. 

3-18 

18-2 

40-2 

33-4 

4-73 


10 in. 

6 ft. 10 in.— 7 ft. 

5-66 

21-5 

42*5 

27-9 

3-68 


10 in. 

7 ft. 10 in. and 

1-79 

21-1 

40-6 

34-2 

1-76 


below 
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This observation is certainly peculiar. In no podsolic development a 
sub-horizon of the nature enumerated here has been found associated with 
the Ai'horizon, as the preceding horizon is neither peaty nor possesses any 
decomposed organic accumulation. V 

Underlying the Aj-horizon is found the Ag-horizon which in the cases 
of loamy profiles is mostly sandy loan (e.g. X8 Y25, X7 Y20) and is the zone 
of maximum eluviation. 

In the cases of clayey profiles this horizon shades from yellow to brown 
with sandy grains showing more or less a bleached appearance cemented 
round the structural soil mass. In all these profiles physical eluviation 
particularly of clay is very apparent, and among the soil ingredients the 
content of fine sand in this horizon is maximum. Amongst the chemical 
attributes, it is interesting to note that in this horizon the largest amount 
of SiOj (insoluble matter in strong HCl) is associated with the least amount 
of sesquioxides, and unlike grey brown forest soils, we find lowest amount 
of magnesia in this horizon. Excepting a few profiles (e.g. X8 Y25 and X7 Y20) 
we also find considerable eluviation of lime from this horizon. In organic 
carbon and nitrogen, for the majority of the profiles, this horizon is found to 
be strflsingly impoverished. Thus in short the Aa-horizon is considerably 
eluviated of finer matter, sesquioxides and bases. 

Underlying the Ag-horizon, the horizon of maximum illuviation, namely 
‘ B ’ is situated. This horizon in most cases cannot be diSerentiated into 
Bi and B j. In loamy profiles it is, in the majority of cases, brown and clayey, 
and when moist some sort of a granular structure is apparent. There are 
imbedded in the soil mass bean-shaped, sometimes needle-like, black iron 
concretions. ^ ^ 

In clayey profiles this horizon shows rock-like consistency by forming 
a hard clay pan. Two types of such pans are encountered under our condi- 
tions. The first one of importance possesses a brownish colour and soil aggre- 
gates are arranged in prismatic form (e.g. 4th horizon of 8E,6). The second 
type shows a dark grey colour, with angular soil aggregates (e.g. 4th horizon 
of mixed No. 4). These two types of pans are essentially different from 
each other as will be seen from Table IXa. 

It is interesting to note that in some profiles these two types of pans 
are found to occur together (e.g. 9R4) where the humus pan precedes the 
iron one. In all the above cases, however, a white sandy cementation is 
found round the soil aggregates which appear to be, as will be clear from the 
table on page 1012, eluvial material of the Aa-horizon mechanically carried 
downwards. 

Chemical analysis of the clay pans (Table IXo) shows that illuviation 
of sesquioxides and bases takes place in this horizon. 

The 0-horizon is generally found to be constituted of decomposing rock 
mixed with infiltered clay and there is no clear demarcation of boundaries 
between the B and 0 horizons, which appear to be blended together. The 
third horizon of X7 Y20 seems to contain decomposing rock debris mixed 
with some finer material washed down from the preceding horizons. In 
clayey profiles, this composition is found towards the bottom of the B-hori- 
zon. 
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Chemical analysis of cement soil mass of B-horizon 


Components 

SiOs 

AlgOg 

F©ji|Og 


CaO ' 

MgO ■ 

Cement . . i 

: : 86*63 ;■ 

1-84 


: 7-06" 

■ ■; ■'0-37",:: 

0‘91 

Hard clay 


• • 



' ' ' ■■ 


(Mean of fotu?) * 

77-06 

9-22 

6*27 

14*49 

0*20 

; i*.06 ; 


Podsolio formations have been studied in greater detail than any other 
formations owing to their occurrence in Northern Europe and Russia by such 
a^inPTit, authorities in soil science as Ramann, Glinka, Dokuchaev, etc. The 
peculiar features of this development is to no small extent responsible for the 
development of the modem conception of soil science. Various hypotheses 
about the causes responsible for the development of the peculiarities of pod- 
sols have been advocated from time to time. Ramann [ 1928] and Doku- 
chaev [18191 advanced the theory that organic acids are responsible for the 
formation of podsols. The bleached appearance of the Aj-horizon had been 
attributed to the light coloured crenic acid by Ikimin [1911]. Glinka [1928] 
was of the opinion that colloidal matters of the A-horizon are washed down 
under the protective action of humus. Thus the horizon so impoverished of 
finftr matter assumes a whitish colouration owing to the presence of qurtz sand, 
tlobinson [; 1932 ] considered that the dominant factors in the development 
of the podsols were the prevalence of intense bleaching owing to excessive humid 
feondition and parent material with poor base resource. Gedroiz’s [1929] 
fesseirtially physico-chemical views on the formation of the Aj-horizon are 
the decomposition of the unsaturated aluminium silicates into silica and ses- 
quioxides after the colloidally dispersed humic acids which have been carried 
downwards. The recent investigation of Mattson [1933] suggests that the pro- 
cesses of podsolisation are related to the condition of acid hydrolysis prevalent 
in the podsoUc zones. A-horizon under these conditions becomes saturated with 
hydrogen ions and a partial decomposition of the aluminium silicate complex 
iaecessarily takes place. Owing to a periodic shift of the pH of the environment 
ithe sesquioxides move downwards leaving behind silica. These deposit a 
short distance below owing primarily to pH of the B-horizon which controls 
the electrostatic forces. Ramesov [1937] has criticised this view of acid 
Weathering. On account of the forest condition the dispersion is attributed 
by liiTn to be brought about by ammonia formed from the decomposing organic 
debris. The absolute composition of the concretions found in the B-horizon 
has been studied by Morozov [1938]' and Winter [1938] who find these to be 
richer in sesquioxides and manganese but poor in silica. 


VI] 
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Aaltonen [1938] has found that in yonng soils the otganic colloids, parti- 
cularly of iron, are precipitated at comparatively lower depths than in old 
soils. The former are more acid and poorer in base-mineral indices. Erom 
this it appears that there are two distinct phases in the podsolic formations. 
At first the soils deepen with age and after a certain time the process is re- 
versed ; B-horizon rises to the surface accompanied by the gradual decrease 
of soil acidity. When the soils of Chaubattia are viewed from this angle, 
the peculiar observation as the lack of a humus pan before iron one is-folly 
understood, and the extreme acidity may, therefore, be attributed partly 
to the age of the profiles. 

As in the case of the brown forest soils, clay fraction of the two of pro- 
files discussed above was also analysed for Si02, AlgOa and FejOg. The data 
are given in Table X. “ ’ 

Table X 


Analysis of clay fraction — podsolic profiles 


Profile 

Bepth 

Horizon 

SiOa 

BejO# 

AlaO* 

SiO* 

SiO, 

AhOt 

Per cent : 

Per cent 

Per cent 

AlaO, 

■" ll.O, 

PejO* 

Mixed Ko. 4 

0-^-2 in. 

Ax 

47-40 

8-38 

19-82 

4-16 

3-24 

8*68 


t' in. — 8 in. 

Aa 

4:7-02' 

8-78 

1 19-02 

4-19 

' 8-24 

3-89 


8 in.— 1 ft. 5 in. 

Bi 

48-34 

11 -SS ' 

14-52 

5*64 

3-74 

1*96 


1 ft. 5 in. and l?elow 

B» 

47-82 

11*98 

14-52 

5-58 

3-66 

1-90 

9S1 

0—3 ft. 

A 

44-20 

11-58 

27-22 

2-75 

2-16 

3-66 


1 ft.— 2 ft. 8 in. 

A 

45-06 

12-78 

25-22 

3-02 

2-29 

3-09 


2 ft. 8 in. — 3 ft. 6 in. 

At . 

45-94 

15-13 

18-17 

4-29 

2-80 

1-88 


3 ft. 6 in.— 4 ft. 6 in. 

B+0 

j 45-93 

12-38 

17-22 

4-52 

3-10 

2*18 


It appears from the figures given in Table X that although the clay- 
complex judged by the SiO j/RgOs ratios remains constant at all depths of 
the profiles, a marked eluviation in regard to Ee20s is obvious. This is also 
home out by the diminution of the AlaOs/FegOs ratio in the B-horizons, 
showing that, accordmg to expectation, there has been a greater mobility in 
respect of FegOj than AlgOs- The results as a whole, however, indicate 
that in the formation of soils in these parts, physical weathermg plays a far 
ipore iinportant role than chemical weathering. The somewhat errstio 
' nature of the values given by the last horizon; of . AS 1 to 

the fact that it is a composite of B and C-horizons, .U.. . >>.i« .;,C 
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WiBSBNBODBIir formations 

Four profiles under this group were analysed in detail and visual characters 
have been studied for fourteen more profiles. The visual characteristics 
of the horizons constituting each of three typical profiles are briefly given 
below : — 


Visual characteristics of Wiesenboden profiles 


Profile No. 

Horizon 

Depth 

. Chamoteristics 

9E1 

A 

0 — 6 in. 

Organic ; loamy ; dark grey soil. More dark 
when wet. Containing undecomposed or- 
ganic matter. 


B+C 

6 in* — 1ft. ■ j 

Sandy loam ; slightly organic ; grey soil with 
undecomposed mica bits. Darkens when 
wet. . 

A9B4 

A ■ 

0 — 6 in. 

Dark grey ; granular with brown spots ; 
sandy loam ; micaceous* More dark when 
, wet. 



6 la.'— 1 ft. 2 in. 

Cranular ; dark grey ; sandy loam, darker 
than above, with a bluish tinge and dirty 
brown spots round mica pieces. This 
horizon contains mica stones. 


B+O 

1 ft. 2 in.— 1 ft. 

6 in. 

Yellowish ; micaceous ; sandy soil ; brownish 
yellow when wet. 

26 Y19 

Aj 

0— “9 m. 

Granular ; brownish grey ; micaceous loam 
with few stones. More dark when wet. 


A.j| 

9 in. — 1 ft. 3 in. 

1 . . 

Greyish brown ; stony loam ; micaceous ; 
granular. Darkens when wet. 


Bi 

1 ft 3 in.— 2 ft. 

Angular ; grey lumpy ; heavy loam. Mica- 
ceous with mica stone imbedded in soil 
mass and dark incrustations ; dark grey 
when wot. 


Bji+O 

i 

2 ft.— 3 ft. 

Greenish blue ; loam ; micaceous with some 
mica stones ; rather heavy ; reddish brown 
spots at places. Dark blue when wet. 


The dotted analytical figures of tho above profiles are given in Tables 

XI and Xn, 
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. Table XII 

Mechanical analysis of Wiesenhoden formations 


{Analysis of 2 mm, sample) 


Name of 
profile 

Depth 

Coarse 

sand 

Fine 

sand 

Slit 

Clay 

change 
H m, e. 



Per cent 

Per . cent 

Per. cent 

'Pet' cent 

1 

0 

1 

P4 

9Rl 

0 — 6 in. 

8*27 

23-09 

32-25 

23-25 

0-088 


6 in.— 1 ft. 

26-57 

32-17 

23 -.80 

15-80 

0-088 

A9B4 

0—6 in. 

13 -40 

45-69 

19-65 

12-25 



6 in. — 1 ft. 2 in. 

24-81 

38-38 

19-30 

12-25 



1 ft. 2 in.— 1 ft, 6 in- 

22-98 

, 42*72 

; 23-50 

10-05 


A62 Y19 

0 — 9 in. 

14-94 

36-33 1 

23-80 

14-90 



9 in. — 1 ft. 3 in. 

15-68 

37-02 

24-50 

17-95 



1 ft. 3 in.— 2 ft. 

9-50 

30-23 

35-15 

20-55 



2 ft. 

12-10 

33-93 

33-35 

16-25 



This type of profile development is not by any means very common in 
these parts and is usually met with near mllas or water streams and cool 
and shady low-lying places of the orchard* Owing to very high ground water- 
level, the soil remains always moist, and during winter a thick matting of 
frost covers the soil surface during the entire season. The organic matter 
due to water “logged condition is not completely decomposed to humus, and 
it is usual to find a horizon of organic debris of about an inch thick on the 
surface soil in a semi-decomposed state. The surface horizon is, therefore, 
very dark in colour, and coarsely granular. It is found that in situ tliis dark 
colour deepens downwards* In some profiles, e.g* A9 R4 it has been found 
that the organic horizon occurs as two sub-horizons with distinct marks of 
demarcation and it is the lower horizon which appears to be more organic 
than the surface. In reality however the surface soil on analysis gives higher 
carbon content owing presumably to undecomposed organic matter. The 
carbon-nitrogen ratio of this layer on the other hand is found to be higher than 
that of the surface soE, But in most cases these profiles are marked by 
their shallowness and waterlogged conditions. The second horizon is often 
found to be a decomposing rook, sometimes brown but more often slightly 
l^luish and invariably very light, stony and structureless. Considerable 
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amount of organic matter is sometimes found in this horizon, but the differ- 
ence m the organic matter content between this horizon and the surface layer 
IS very marked. From the description of the profiles as given above it is 
clear that this type of profile development is essentiaUy hydrogenie in nature 
As a result of intensive soil survey carried out at Ohaubattia it is obvious 
that profiles of this nature are by no means common under the existing eondi- 
tions 01 the locality. ^ 

The formation of soils falling under this group is in fact due to certain 
inter-zonal processes resulting in an aggregate profile similar to that of Wiesen- 
boden. The chief pre-disposing causes leading to the evolution of soils of this 
type at Ohaubattia are waterlogging of the sub-soil, low temperature, and 
presence of vegetations such as grasses and undergrowths like Rhubus, Renun- 
cuius, OpMopogon, Pteris, etc. 

Another striking point which emerges out of these observations is that, 
although in general this group can be classified as Wiesenboden, the profile 
development shows two distinct phases, namely brov/n forest and podsolic 
characteristics. Of the profiles described above A62 Yl9 shows definite 
podsolic tendencies, whereas the characteristics of the grey brown forest 
soils are indicated in the rest. 

These soils are better known as ‘ meadow soils ' after Robinson [ 1932 ] 
who describes these as ' soils whose profile characteristics are dominated by 
the occurrence of a high water-table or an impervious layer impeding per- 
colation Kellog [ 1936] thinks that, when properly drained by artificial 
means, Wiesenboden provides some of the most fertile land in the world for 
crops. Its occurrence in other soil groups has also been indicated by him. 

The question of gley formation in the podsol zone has been discussed 
by Frosterus [1914] and the role that the dissolved oxygen plays in soil water 
in gley formations has been investigated in detail by Tamm [1925]. This has 
thrown considerable light on the peculiar features of hydrogenic soils. 

GmSTEBAL DISCTJSSIOH 

The detailed study of soils developed under the climatic conditions of 
Ohaubattia in Kumaun clearly shows that local conditions as a whole 
favour the development of soils similar to, but not identical with, the brown 
soils of the international groups. The processes giving rise to this typ§ of 
development seem to be similar to those causing the development of podsoJs. 
The surface shows a well-developed organic horizon which does not tend 
to be peaty and the structural aggregates are finely granular. The second 
horizon possesses a brownish to reddish brown colour. This nmy be attri- 
buted to the dehydration and oxidation of sesquioxide sols eluviated under 
the protective action of acid humus from the upper horizon, since according 
to Mattson [1933] high acidity cannot favour the mobilization of silica although 
the sesquioxide soils may be gradually washed down under such conditions. 
The presence of humus in excess sometimes masks this brown colour and 
causes the development of a greyish browm colouration. Along with the. 
sesquioxides, lime and magnesia are also washed down to the second horizon. 
This brownish horizon, therefore, corresponds with the usual B-horizon of the 
international group of brown forest soil. The third horizon^ however, shows 
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characteristic differences according to the topographjr of profile develop- 
ment. Along steep slopes this horizon is very light, loose, stony and struc- 
tureless with a pre-eminently yellow colour, whereas at the fiat end of hill- 
slopes this horizon consists of a brownish hard pan ; the latter is due pre- 
sumably to hydrated ferric oxide, as on ignition the soil assumes a reddish 
brown colour.' It is interesting to observe that plant-roots generaUjr avoid 
the third horizon along steep slopes. Even gi’asses refuse to grow on this 
type of soil. This might be attributed either to the presence of some toxic 
ingredient in this horizon or absolute poverty in food material and moisture. 

Chemical anatysis does not, however, reveal any unusual deficiency in 
plant-nutrients and under field conditions sufficient moisture is found to be 
present. Thus it may be concluded that the aversion of the plant-roots to 
traverse this horizon is due to some toxic ingredient. 

The formation of a brown hard pan in the third horizon under the topo- 
graphical conditions stated above has sometimes been interpreted as charac- 
teristics of podsolic developments [Ramann, 1928]. Our studies, however, 
definitely show that brown forest soils as distinct from podsols can form 
hard pans under certain topographical conditions. Along steep slopes where 
brown soil formations take place, the subsoil drainage is roughly parallel 
to the surface and rock-bed. This is one of the reasons underlying the hydra- 
“tipn of sesquioxides of the third horizon. The sesquioxide sol under such 
-drainage conditions can move only along the B -horizon down the slopes ; 
but' at places where this movement can take place vertically, as is the case at 
the flat end of the hills, the sol during dry period may be dehydrated and in 
course of time, as stated above, result in pan formation tending to the juxta- 
position of the B and C-horizons. 

The natural result of a hard pan in the sub-soil sooner or later affects 
the surface soil. With high rainfall and the blocking up of sub-soil drainage 
at the pan, sheet erosion might occur, with the result that a considerable 
quantity of organic matter is washed away from the surface soil. This appears 
to account for the poor organic status of the surface soil in most of the clay 
. profiles, 

- Second in importance to the brown forest soils, podsolic formations are 
encountered under certain local conditions as has been stated already. The 
‘topographical position of these profiles is such that the soils experience alter- 
nate wetting and drying, a cool humid climate due to shady surroundings and 
■’above aU sufficient organic matter accumulation due to annual leaf-fall in 
the spring. Under these conditions it is natural that podsols would develop. 
Most of the podsolic profiles studied by us are clayey to loamy, and two types 
of hard pans have been met with. The conditions favouring the formation 
of such pans have not been determined, excepting that humus pan has a lower 
jjH than the iron pan. The study of these pans in the hills becomes more 
difficult when one finds these to be superimposed on the C-horizon with no 
well-defined line of separation. 

Data have been presented about soils showing red loam and gleization 
tendencies. At any rate these are not typical formations of the station. 
• The suggestion is clear, however, that if through human intervention or 
- otherwise the, specific , conditions leading to their development be produced 
' anywhere on the orchard, the soil in that locality would tend to assume the 
characteristics of red loam or Wiesenboden types. 
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It should, however, he clearly understood that most of the soils on this 
orchard are as yet somewhat immature as revealed by their stony nature. 
Although we have reported on four major types of the formation usually met 
With in this locality, ^ detailed survey has shown various intermediate 
developments which cannot be regarded as true pedogenie types. For 
instance, in some cases, it has been found that brownish grey organic surface 
soil is superimposed on a yellowish brown horizon which for true brown 
forest soils usually constitutes the G-horizon. But when this surface horizon 
is more closely examined a brownish layer of about one-tenth of an inch or 
so in thickness is usually found. This type of profile is very shallow and is 
found along slope of 60° or more. 

The analytical data for the clay fraction of brown forest soils occurring 
on this orchard do not reveal any eluviation of the bases ; but in the case of 
podsols, on the other hand, considerable eluviation of FegOa is observed to 
have taken place. The trend of the changes in the sihca-sesquioxide ratios 
shows that physical weathering plays a more important part than chemical 
weathering in the formation of soils in these hills. 


StJMMABY 

The pedogenie soil-forming processes under the climatic and topographical 
conditions of Chaubattia tend to produce four different soil types as given 
below : 


Red loams 

Soils corresponding to the temperate red-loams are found in dry places 
where the organic matter is rapidly mineralised owing to subsoiF drainage 
• conditions. Only a small number of profiles is foimd to possess these e arac- 
teristics. 


Brown FOEEST SOILS 

This formation is very general under the climatic conditions at Chaubattia 
and most of the soils of the locahty belong to this type. The pre-eminent 
nature of the profiles of this type is brown colouration of the B-horizon and 
moderate organic status of the surface soil. 

Podsols 

The third formation which is met with under humid conditions shows 
podsolic tendencies although extreme cases of podsolization are not very 
evident. 

WiESENBODBN OE MEADOW SOILS 

The fourth type of development is analogous with the hydrogenic Wiesen- 
boden formation and is usually found near wdlaa and in cool, shady and per 
petually moist places. 
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The rate ot loss depends on the temperature and the relative humidity in the 
storage chambers and also on the nature of the fruit. Wardlaw [1933] in 
his experiments on the storage behaviour of limes observed that the loss in 
weight was largely a function of size and that such loss was directly related 
to the area of fruit exposed. Leonard [1936] found that, in the case of grape 
fruit, the percentage loss in weight was less in fruits of bigger size. Wardlaw 
and Leonard [1936] showed the importance of size involving surface-bulk 
relationship in considering the rate of loss in weight during storage. Cheema 
and others [1939] found that, in the case of mangoes, the percentage loss in 
weight of small fruit was higher than that of big fruit at 68°F., but there was no 
difference at 48°F. Cheema and Karmarkar [1939] observed that iu Malta 
oranges the size of fruit was very important. Fruit of big size remained firm, 
while fruit of small size shrivelled. During the course of the experiments 
conducted in this cold storage plant it has been found that the size of fruit 
influenced the rate of loss in weight in storage. The data obtained with differ- 
ent fruits are given in this paper. 

Expeeimental PEO'OimtJBE 

Big and small size fruit of an apparently equal stage of maturity was 
selected for the experiments. The selection of the two sizes was made accord- 
ing to the weight of fruit as the specific gravity did not vary appreciably with 
the size. Ten fruits of each size (weighing within a selected range) were used. 
The fruits were individually weighed and kept in partitioned trays. One 
fruit was kept in each division and the partitions were given serial numbers 
so that in case a fruit rotted, it could be removed without disturbing the 
experiment. The fruits were kept in chambers maintained at different tem- 
peratures with the relative humidity between 80 and 90 per cent. The fruits 
were weighed at regular intervals and the rate of loss in weight was determined. 
The percentage loss in weight was calculated on fresh -weight basis. The 
ratio of percentage loss in weight of small fruit to the percentage loss in weight 
of big fruit was also obtained. Further, the thickness of skin, the percentage 
of pulp and the rate of respiration of fruits of the two sizes were determined. 
The data are given in Tables I-XI. The number within brackets just below 
the range of weights indicates the average weight of a fruit im grammes^ For 
brevity the ratio of the percentages is shown as smaU/big or as big/small. 
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Discussion 

The loss in weight in storage of fruits is due to the transpiration of water 
from the tissues and the decrease in solids during respiratory processes. A 
little loss may also he due to the evaporation of other volatile substances given 
off by the fruits. Wardlaw [1933], Leonard [1936] and Wardlaw and Leonard 
[1936] have noticed that the rate of percentage loss in weight in storage 
of fruits is related to the size of fruit and is greater in fruits of smaller size. 
The greater loss in weight of small fruit may be due to the larger surface 
exposed per unit volume resulting in a higher rate of transpiration. The data 
obtained in these experiments (Tables I — VIII) showed that the percentage loss 
in weight of small fruit was always greater than that of big fruit, except in the 
case of grape fruit at 68°P. The ratio of the percentage loss in weight of small 
fruit to the percentage loss in weight of big fruit remained practically constant 
during the storage period. The value of the ratio, however, was found to vary 
with the temperature of storage. In limes (Table V) the small/big ratio at 45°P. 
agreed well with the ratio for surface (big and small fruits) which was 1 • 24 
when calculated by assuming limes to be of a perfect spherical shape. 
Resorting to the above method of calculating the surface ratio, the small/big 
ratio approximated the surface ratio which was 1 • 14 in the case of Mosambi 
and Malta oranges at the different temperatures. The calculated surface ratio 
in the case of the Nagpur orange was 1 • 15 and was equal to the small/big 
ratio at 52°P. only (Table VIII). 

The high values of small/big ratio obtained in the case of chikoos (Table 
II), bananas (Table III) and limes (Table V) at 68°F. and the Nagpur 
orange (Table VIII) at 40° and 45°F. could not be accounted for by the surface- 
bulk relationship alone. The difference in the small/big ratios obtained for the 
same type of fruit at different temperatures of storage suggested that there were 
other factors which influenced the ratio. 

Table I 

Apples {variety. Hawthorn Greening) 


Percentage loss in weight at 68°?. 


Number of days 
of storage 


Small 


Small 

Bi;r 


SIZE 01 PEUIT AND LOSS IN WEIGHT IN STOEAGB 
Table II 

CUkoo glabijJar ty^te) 

Percentage loss in weight 


Nunaber of days 
of storage 



52°F. 



68°F. 

Big 

Small 

Small 

~Big' 

Big 

Small 

90-105 

66-70 


90-100 

60-70 

gm. 

gm. 


gm. 

gm. 

(98) 

! ( 67 ) 


(94) 

(64) 


. .. 

3- 

13 

4-30 

1- 

37 

1*22 







5- 

•98 

8:14 . 

1. 

•37 


9 

■06 

11*45 , 

1; 

•26 




(turned 

soft) 



10 . 

6*17 

7*41 

1-20 

15 . 

9*44 

11-30 

1-20 

20 . 

11-48 

13-67 

1-19 


Table III 

Banana {variety, Walha) 

Percent^fcge loss in weight 
62°F. ! I 


Number of days 
of storage 


Big 

106-120 


106-120 60-75 

gm. gm. 

(112) (67) 


3-04 

3-32 

1-09 

3-15 

4-74 

1-61 

6-95 

7-19 

1-21 

6-27 

9/77 

1-66 

8-04 

9-81 

1*22 

9-15 

13-95 

1-52 

9-97 

12-25 

1-23 

11-63 

19-34 

1-66 

11-88 

14*59 

1-23 

• • i 


• • 




r 
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Table IV 

Grape fruit {variety, Marsh’s Seedless) 

Percentage loss in weight 


Nionber of days 
of storage 


Big 

Small 

Small 

Big' 

Big 

Small 

610-630 

300-330 


540-560 

300-330 

gm. 

1 


gm. 

gm. 

(618) 

(314) 


(648) 

(316) 


8 • 

• 

* 

1*37 

2-03 

1*48 

3*10 

2*89 

0*93 

16 . 

• 

. 

2-94 

3*46 

1-18 

5*63 

6*43 

0*96 

24 . 

• 

• 

4*68 

4*82 

1-05 

7*67 

7*16 

0-94 

32 . 

- 

. 

6*29 

6*53 

1*04 

8-73 

8*22 

0*94 

40 . 






10*01 

9-48 

0*94 


Table V 

Limes (Citrus anrantifolia ; variety^ Kagadi) 

Percentage loss in weight 


Number of days 
of storage 



45^F. 



68^F. 


Big 

Small 

Small 

Big 1 

Small 

! Small 



Big 

I 

j 


, ’ Big 

60-60 

20-26 


60-60 

20-26 


gm. 



gm. 

1 m- 

■j 


(23) 


(54) 

> (24) 




SIZE OF FRUIT AND LOSS IN WEIGHT IN STORAGE 

Table VI 

Mdsambi {Orange Mozambique) 


Malta orange (variety, Blood Red) 



Percentage loss in weight 


45®P. 

68°F. 

Number of . days 
of storage 

Big 

Small 

Small 

~Bi^ 

Big 

Small 

: Small V' 

i Big 


280-300 

gm. 

(288) 

190-210 

gm. 

(202) 


260-270 

gm. 

(265) 

170-190 

gm. 

(180) 



1*61 

1-79 

1 11 

1-96 

2-32 

M8 

17 . 

2-88 

3*27 

1-13 

3-32 

3-92 

M8 

25 . . . ; . 

4-08 

4-66 

j 

M4 

3*95 

4*70 

! M9 

3S . . . 

5-28 

5*99 

M3 

4-54 

5-44 

1-20 

f ' 

1 



Percentage loss in weight 



36®P. 


' 

40”P. 



45‘‘F. 


Number of days 

Big 

Small 

' Small 

Big 

Small 

Small 

Big 

Small 

Small 

of storage 

260-280 

gm. 

140-180 

gm. 

Big 

256-295 

gm. 

130-170 

gm. 

Big 

200-300 

gm. 

140-180 
gm. : 

Big 


(270) 

(168) 


(271) 

(162) 


(280) 

(163) 


16 

4*91 

6*24 

: 1;27, 

7*20 

7*44 

1*03 

7*28 

8*44 

1*16 

34 

10*02 

12*09 

1*21 

18*68 

16*77 

1*15 

14-20 

16*60 

1*17 

50 

14*87 

16-89 

1*18 

19*67 

23*19 

1*18 

20*13 

23*44 

1*17 

68 

19*23 

21*73 

1*13 

26*07 

30*55 

117 

27*06 

29*90 

I'll 

85 

23*42 

25*61 

1*09 

31*51 

36*36 

1*16 

32*74 

36*6^ 

1*09 
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SIZE OP FRUIT AND LOSS IN WEIGHT IN STORAGE 

Table IX 

Thickness of the skin of big and small fruits 

Thickness in cm. 


Name of fruit 

Big 

Small 

Big 

Small 

Banana . /v 

M)*31 

0-22 

1-41 

Grape fruit , ■ . 

0*43 

0-35 

1*23 

Limes ■ . . . ■ , ' 

0-12 

0-09 

1*42 

,]\fosambi \ 

0-38 

0-28 

1*36 

Nagpur orange . 

; 0-29 ■: ; : 

i 

0-23 

1-20 


Table X 

Percentage of pulp in big and small fruits 



Percentage of pulp 

Name of fruit 

’ Big ; 

Small 

SmaP 

Big 

Banana 

r 58-4 ■' 

62-5 

1-07 

Grape fruit 

77*0 

76-6 

i**03 

Limes 

".81-4 ■ 

83-7 

Mosambi 

! /'■ ■-:74’8 -:: ■' 

74-2 

i**05 

Nagpur orange . 

, 74-0 

77-6 


Table XI 

Rate of respiration of big and small fruits ai 68° F . 

Parts of CO 2 per 100 gm. of fruit per 24 hours 


Name of fruit 

Big 


Small 

Small 

Big 

mes 

32-1 


381 

1.19 

osambi 

14-5 


18*0 

l*?4 

agpur orange . 

22-2 


24-8 

1*12 
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The skin of fruit plays an important part in regulating the gaseous ex- 
change between the tissues and the atmosphere around the fruit. The ab- 
sorption of oxygen and the excretion of carbon dioxide and water vapour take 
place through the skin by difiFasion. The rate of diffusion of the gases depends 
on the permeability of the skin. It has been found that the thickness of the 
skin of small fruit was less than that of big fruit (Table IX). The rate of gas- 
eous diffusion may, therefore, be more rapid in small fruit and consequently 
lead to a greater evaporation of water from the pulp tissues resulting in a greater 
loss in weight. . 

It is also possible that the greater loss in weight of small fruit may be the 
result of a higher rate of respiration. The small fruit may respire more than 
the big fruit on account of a relatively larger surface per unit volume or 
more rapid diffusion of gases through the thinner skin. The higher rate of 
respiration may be partly due to a larger proportion of pulp in small fruit. 
It has been found that in the case of bananas, limes and Nagpur oranges, 
the percentage of pulp in small fruit was higher than that in big fruit (Table X). 
The percentages of pulp in Mosambi and grape fruit of the two sizes were prac- 
tically equal. 

Gustafson [1929] conducted some experiments with tomatoes to determine 
whether the size of the fruit exerted any influence on the rate of respiration, 
but nothing definitely was ascertained though, in some cases, it seemed that 
larger fruits respired less per gram of material than smaller fruits of the same 
age. In these experiments the determination of the rate of respiration at 
of fruits of the two sizes showed that the rate of respiration was higher in the 
case of small fruit (Table XI). It is necessary, however, to consider these 
values with some reservation as it is very difficult to get fruit of two sizes at the 
same stage of physiological development for proper comparison and consider- 
able variation often exists among individual fruits. 

The values obtained for the small/big ratio in the case of Nagpur oranges 
(Table VIII) stored at different temperatures were interesting. The values at 
40° and 45°F. were high and approximately equal. The rates of loss in weight 
at these two temperatures were also nearly equal. The value of the ratio was 
lower at 36°F. and equalled the ratio of the skin thicknesses. The value at 
52°F., as previously mentioned, was equal to the surface ratio, while the value 
at 68°F. approximated the pulp ratio. Loftfield [1921] has shown that the 
temperature influences the stomatal movement, the rate of movement increas- 
ing with temperature. If it could be assumed that the stomata were wide 
open at 68°F. and a free exchange of gases took place the quantity of the 
pulp would determine the rate of loss in weight. At 62°F. the stomata might 
be open in the normal way and an easy diffusion of gases would take place, 
the rate of loss in weight depending on the area of the surface exposed. At 
40° and 46°F. the stomata might be just open so that the thickness of the skin 
determined the rate of exchange of gases and the value of the ratio smaU/big 
represented the combined effect of the surface, pulp and thickness of the skin 
ratios. In Nagpur oranges, which are ordinarily puffy and loose-skinned, 
there are some fruits which are tight-skinned and more compact. The rate 
of diffusion of gases in such oranges is expected to be slower than that in puffy 
fruits. The rate of loss in weight of tight-skinned oranges was found to be 

thap that of puffy fruit of approximately equal volume. 
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. In the case of the Malta orange, big fruit kept in storage a much fresher 
appearance than smaU fruit which appeared shriveUed. The skin dried un 
and assumed a dull colour. It is possible that the aperture of stomatal 
pores _m the skm of smaU fruit may be smaUer than that in the case of bia fruit 
The higher rate of transpiration leads to loss of turgidity of the ceUs which may 
effect a partial closure of stomata so that a major portion of the loss in weight 
tsikos pl^c© from tlio skin wiiicli, in tli© cours© of tnn©, skows slirivoiling. 

Summary 

1. The percentage loss in weight in storage at different temperatures of 
fruits of two sizes, big and smaU, has been determined. The fruits used were 
apples, chikoos, bananas, grapefruits, limes, Mosambi, Malta oranges and 
Nagpur oranges. The data showed that the loss in weight of smaU fruit was 
always greater than that of big fruit, except in the case of grape fruit at 68°!'. 

2. The thickness of the skin, the percentage of pulp and the rate of res- 
piration of fruits of the two sizes have been determined. The skin oi 
smaU fruit was found to be thinner than that of big fruit. In bananas, Umes 
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VARIETIES OF CARDAMOM IN CULTIVATION IN 

MYSORE 

BY 

R. L. NARASIMHA SWAMY, M.Sc. 

Oenetidst, Coffee Experiment Station, Balehonnur 
(Received for publication on 9 January 1940) 

(With Plate XLVI) 

ISTTEODTICTrON 

B aker [m Hooker, 1894] and Eisoher [1928] have mentioned Ekttaria 
cardarruymum Maton. growing in South India. They have further made 
mention of a single variety E. mrdamomum Maton. var. major Thw. This 
variety has been stated to be a robust plant with leaves broader than the type 
and having oblong-fusiform fruits 1 in. or more long and indigenous in Ceylon 
[Hooker, 1892]. Thwaites gives the habitat of the variety as ‘ forests 
in the central and southern provinces, up to an elevation of 3,000 ft.’ 

Ridley [1912] mentions that ‘ there are two distinct forms or varieties 
of the plant, viz. var. minus, the Malabar cardamom, a taller plant with 
narrower and less firm leaves and globose fruits from 1/5 to 9/10 in. long, 
greyish yellow or buff in colour. This is confined to southern India. Var. 
'majus with shorter stems, broader leaves and oblong fruit, from 1 to 2 in. 
long, and rather narrower than the Malabar fruit, distinctly three-sided, often 
arched and dark-greyish brown when dry, the seeds larger and more numerous, 
and less aromatic. This is the Ceylon cardamom and peculiar to that country.’ 
Molegode [1938] reports that three varieties of Elettaria cardamomum Mskton. 
are found in Ceylon, One of these is indigenous to Ceylon. The cultivated 
varieties, Malabar and Mysore, appear to have been introduced from India. 
The Malabar variety is described ; ‘ Leaves silky on the under-surface ; reoemes 
arise from the base of the stem and creep on the .siirfae of ground around the 
clumps ; fruits or capsules angled, shorter and more globular than the Mysore 
type.’ The Mysore variety is described : ‘ Leaves larger with a coarser under- 
surface, not silky but hard and smooth ; racemes ri.se erect ; fruits oblong and 
larger than those of the Malabar type.’ 

Material and methods 

A number of collections of cardamoms from several localities in South 
India are growing on the Government Coffee Experiment Station, Balehoimur. 
The collections were made by Mr K. H. Srinivasan, M.A., B.So. (Bdin.). I 
began studying these with a view to classifying them. During the course of 
study the principal cardamom-grow'ing areas in Mysore that are round 
about Manjarabad were visited and the cardamoms growing there were studied. 
As a result it was observed that though cardamoms growing in Mysore belong 
to the species Elettaria curdamomum Slaton, there are well-marked differences 
suggesting the existence of distinct varieties. These could not be classified 
according to the described varieties. Further, it was observed that the des- 
cription of the species also required certain changes. In the present paper 
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ttoee vaiit-t^s liave been described and some changes in the description of 
£ 0 X 00 ^'^^“'”'’“ Hooker [ISgf] and Fischer [1928] are 

M the detailed observations were done on plants growing on the Station 
side by side under Identical chmatic conditions Ld thise were supplemented 

MlnjarSad a" out 

Descsiption 

Memria mrdanwmum Maton. (Plate XLVI, figs. 1, 2, 3a).-Perennial herb- 
rootstock horizontal ; leafy stem taU, 5 ft.dl ft. high ; leaves distichous, S; 
lanceolate, acuminate, sessile or shortly petioled up to 0-75 in. - glabrous 
above, glabrous or softly pubescent beneath, 1 ft.-2-5 ft. long, 1 -75 ^-4-75 S 
broad ; margin way. Panicles produced direct from the rootstock, fiexuous' 
decimbeirt several to one leafy stem, up to about 2 ft. long ; bracts linear-’ 
oblong, obtuse, about 1-5 m. long ; fiowers produced in 2 to 12 flowered short 
racemes 0-fi m.-3-5 in. long; bracteolate, shortly pedicelled. Calyx memb- 
™s tubular, Jortlyhreelobed, 0-6 in.-0-7 in. long, persistent. CoroUa 
tube cyhndric, white, shortly exserted, 0 • 75 in. long ; lobes spreading, mid-lobe 
oblong, convex ; lateral narrower ; lobes 0-5 in. long. Lip oblong-obovate, 
longer than the coroUa lobes, 1 in. x 0-72 in., base cuneate, margin waw ’ 
white striped mth violet ; lateral staminodes minute teeth ; two staminodes at 
the base ^ oi the corolla tube ; stamen with a short filament ; anther not 
crested, its cells contiguous ; longitudinally dehiscing. Ovary three celled ' 
ovules many 2-seriate in each cell, axile ; style filiform, 1*2 in. long ; stigma 
snaall, funnel shaped, ciliate. Fruit a sub-giobose, sub-trigonous, coriaceous, 
mdehiscent capsule, 0 • 4 in.-O • 7 in. x 0 • 3 in.-O • 5 in., striate, pale yeUow when 
ripe ; each cell contains three to eight seeds. Seeds obovoid, angular by 
compression, transversely wrinkled, aromatic, arillate. 

Var. laxiflora (Plate XLVI, fig. 36). — Leafy stemup to 14 ft. Leaves 1 lin.- 
2-76 ft. X 1-5 in.-5-5 in., shortly petioled or not, glabrous on both sides. 
Pamcles flexuous, up to 4-25 ft. long, lax, decumbent. Flowers pro- 
duced in 4 to 40 flowered short lax racemes, 0-5 in.-S in, long. Pedicel up to 
1 m._ long. Capsules very variable, oblong to oblong-fusiform, 0-5 in.-l in. X 
0*3 in.-O* 5 in. ; each cell contains two to nine, seeds. 

Var. Mysorensis (Plate XLVI, fig. 3c).— More robust. Leafy stem up to 

17 ft. high. Leaves 1 *2 ft,-2* 6rft. x 2 in. -6 *25 in., glabrous on both sides, 
or glabrous above and pubescent beneath, petiole up to 1 * 5 in. long. Panicles 
flexuous or not up to 4* 75 ft. long, erect or decumbent. Flowers produced 
in 4 to 35 flowered short racemes, 0*5 in.-6*5 in. long. Lip broader 1*2 in, 
X 1 in. Capsule bigger 0*5 in.-O* 8 in. x 0*35 in.-O* 6 in., distinctly three^ 
angled ; each cell contains three to nine seeds. 

Var. major Thw* (Plate XLVI, fig. 3d!),— More robust. Leafy stem up to 

18 ft. high. L^ves 1 ft.-2*75 ft. x 2in.-6*5in., pronouncedly petioled, 

petiole up to 2 in. loi^, glabrous on both sides. Panicles not flexuous, up 
to 4*5 ft. long, erect. Flowers produced in 6 to 40 flowered short racenies 
0 • 5 in-4 • 5 in. long. Lip broader 1 • 2 in. x 1 in. Capsule oblong-fusiform, 0*5 
in.-O • 8 in. x 0 * 3 in.-O • 45 in. ; each cell Contains three to six seeds. Seeds are 
arger and slightly flatteri : . , 
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Habitat desceiption 

Tho varieties are cultivated to a greater or lesser extent in almost all the 
estates in Mysore. Var. laxiflora has not been obtained from outside Mysore. 
It has been observed growing in the cardamom estates round about Manjar- 
abad. Var. major Thw. is stated by planters as obtained either from Ceylon or 
from Annamalais. At the Station, plants have been raised from seeds obtain- 
ed from Annamalais, Travancore and estates in Mysore. All these are similar 
and belong to the variety major Thw. Plants of var. Mysorensis have also 
been raised from seeds obtained from several estates in South India, so that 
the habitat of the variety may be said as South India and under cultivation. 

Discussion and conclusions 

There are differences between the description of Elettaria cardamomum 
Maton. by Baker [in. Hooker, 1894] and Fischer [1928], and the description 
in the present paper. They mention that the species has leaves that are 
pubescent beneath ; bracts two to seven flowered ; seeds not arillate. I 
have found that the leaves are either glabrous or pubescent beneath ; flowers 
are produced in 2 to 12 flowered short racemes in the panicles ; seeds are 
arillate. Further, the presence of two staminodes at the base of the corolla 
tube has been reported by the author [Narasimha Swamy, 1937], It is 
observed that Malabar cardamom of Molegode [1938] corresponds to the type 
described. 

Var. major Th. has been mentioned by Baker [in Hooker, 1894] and 
Fischer [1928]. The present description of the variety differs in having 6 
to 40 flowered short racemes in the panicle and fruits that are 0-5 in.-0*8 in. 
long. 

Var. Mysorensis appears to correspond with the Mysore cardamoms of 
Molegode [1938] though the former differs in having leaves that are glabrous 
or pubescent beneath and panicles that are erect or decumbent. 

Var. laxiflora appears to have not been described so far. Glabrous leaves, 
lax decumbent panicles having 4 to 40 flowered short lax racemes that 
have flowers with long pedicels, and fruits which are often elongated clearly 
distinguishes this variety. 

SUMMAEY 

Elettaria cardamomum Maton. var. laxiflora, var. Mysorensis, var. major 
Thw. have been described. 
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RESEARCH NOTE 

CHROMOSOME NUMBER IN BAMBOO {DENDMOC ALA- 

MU S STRICT VS) 

BY ' ■ ■ 

R. H. RICHHARIA 


J.P.KOTWAL 

Agricultural Research Institute^ Nagpur, 0, P. 

(Received for publication on 14 August 1939) 

(With one text-figure) 

Touring 1938-39, a few plants of Dendrocalamus strictus along the 
road-sides of the Maharaj Bagh Gardens, Nagpur, exhibited flowering. 
Seeds were collected from these plants in the beginning of February 1939 
for chromosome studies. There is no record of such observations in this 
species in any Indian publication. 

The seeds were kept for germination in two lots, i.e. on 2nd and 4th 
of March respectively, on moist filter papers in Petri dishes. The first lot 
showed cent per cent germination, while the second lot only 67 per cent. 
In three days the root tips were ready for fixation. The following Navashin’s 
solution, modified in our laboratory, was used with satisfactory results, fol- 
lowed by the iodine-gentian violet staining. ParaiBfin sections were cut 
at 15 pi. 


Chromic acid 1 per cent 
Formalin 20 per cent . 
Glacial acetic acid 


5 c. e. 

3 c, c. 
1 c. c. 


Seventy-two chromosomes were distinctly observed on the metaphase 
plates of the root-tip cells (Fig. 1). The number was confirmed from several 
plates. 


\ , 




Fig. 1. Somatic chromosomes from Dewdroeoiimiis (2»i=> 72) (X 3,200) 
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REVIEWS 

FORESTEY ABSTRACTS 

T he Imperial Forestry Bureau is publisliiiig a quarterly jouriiai entitled 
Forestry Abstrcicts. This provides a survey in English of the current 
literature of forestry from all parts of the world. Each issue normally in- 
cludes special reviews of the literature of particular subjects, notes on aiWal 
reports, and abstracts classified by subject. In the abstracts the aim is to 
epitomize the contents of each paper so as to enable the reader to judge of 
its value as a contribution to knowledge. In addition to papers in English, 
French and German, attention is also directed to those published in the less 
familiar languages. 

The first number appeared in June 1939 and deals mainly with the litera- 
ture of 1938. Thereafter Forestry Abstracts is appearing quarterly in Sep- 
tember, December, March and June, four numbers constituting a volume. 
Indexes will be provided annually. 

The annual subscription is : — 

For residents of the countries of the British Commonwealth 
and the Anglo-Egyptian Sudan who send their subscrip, 
tions direct to the Bureau . • , * . . 20«9, 

For all other subscribers . . • , . . • 256^ 

Single parts each- . . .... . . ' . ' . . 7^. fid 

All these prices include postage. Particulars of trade terms will be 
supplied on recpiest by the Secretary, Imperial Agricultural Bureaux, 2, Queen 
Anne’s Gate Building, London. 

Table of coxtemts 

General forestry 

Theories. Terminology. Methods. Education. Research. Travel and study. 
Forest History and Geography. 

Fundamental natural laws of the forest 

Locality. Study of locality. Maintenance of locality factors. Soil. Hydro- 
graphical conditions. Forest and Water. Forest and Climate. Erosion. 

Tree SPECIES. Forest botany 

Physiology. Biology. Pathology. Morphology. Anatomy. Mode of life. 
Adaptability. Geographical distribution. Plant Geography and socio- 
logy. Regional floras. Special (Systematic) Botany. 

Forest zoology 

Silviculture 

Silvicultural characters. Systems of management. Forms of stand. Forma- 
tion of stands, natural and artificial. &orestation. Education of stands. 
Tending. Thinning. 
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BEVIEWS 
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Utilization, Teohnology 

Properties of wood. Harvesting of wood. Logging. Conversion. Preserva- 
tion. Minor Porest Products. Sale and Disposal. Timber Trade, Trans- 
port. Constructional works. 

Protection 

Forest fires. Protection against damage by harmful plants. Protection 
against damage by animals. 

Increment. Yield 

Management. Working plans. SurveyvS 
Economics. Valuation. Finance. Profit and loss 
Administration 
Policy 


SUPPLEMENT TO THE REVIEW OF APPLIED MYCOLOGY 


A SUPPLEMENT to the Review of Applied Mycology is now available giv- 
ing a list of all new species and varieties of fungi, new combinations, and 
new names published since the beginning of 1940 in journals accessible to the 
Institute up to the end of June. It is hoped it may be possible to issue a 
further supplement early in 1941. The list is arranged alphabetically under 
the genera, and a host index is supplied. The Director will be grateful for 
the notificatioii of omissions for inclusion in any subsequent issue. 

The price of supplement 1 is 2s. %d. post free (2s. post free to direct subs- 
cribers ill the British Commonwealth) payable in advance. Orders and cor- 
respondence respecting the Supplement should be sent to the Director, Im- 
perial My cological Institute, Kew, Surrey. 
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